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' ASAKl'U 1\-h!t!tinn Complex 
Pima L'ounl)'• Ati7..()1'~"'-----

1.0 IYrKODCCTIO'I 

1.1 Project Le<:ation 

l he IJ'rujccl i..; lo.:atcd within the StOIC of t\ riTUna, Gila and S;:t1t I<I VC'r Mt:ridun (G&SRM), Tov.n ship 17 
South. Knn!(t: 12 East. Section 12i 1m<.! Towns.Wp 17 Sm.1th and Rarlgc I '\ Eo,..t. Scctioui 7.:>. 9. a,nci lll. 
The ~ll3sinn Cornpl~x Dmin~go \ hunnd R.:•CStt'\bhl<hmcnl Prttit'Cl She (the P'rujt:t:l) is lo~atcd ~long 
Wt:l>oll ldmct J'c;nk Rnad aftd li '-'31¢111( limn ( lilt: mil~ l(om dlC Tuwn <11' Suhuodtn. m Vim~t Cuunly Ari..:ofi,;'L 
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A5.AR.CO Mu:uon Ctlf.-1(11.:<' 
l"iml Couuy, Ar::;ro: u:_ __ _ 

1.2 Objc<ch·c 

rhc e:A.istiiiJ.: tliVOI','Ii(lll dlaJlJids at tho l' l"(''jCC( predmnimmlly \'OHWy 0(1\\'.'t from Wt.'Sl lO east I(IW\ll\1 111G 

Santa Crw. Rivc:l' nrouud tht! "uuthom ~nd of lh~ ASAK(.'O Mi,..iion Compte.'< :1lun;.: the not1h side .. r 
\Vest Helmet t•cal.. R~ud. Over ttmc. the t::\ i.stin~ divcniou cl~mnds h;<tVC bceu tl.una~ from Sll)rm wutc:r 
flows. Tbis study ...,as ronductcd ln support n f rd~Wiln.ation maintCQl'IJ)OO. opcraiiMS ttqU.irtd under 1 
404-Pennil Applu:Mion 10 W, US Anny C«Pi of EDgin..,. (l.SACE) fu< the I'Tilj<tt. "'hi<h;,. kula! Ul 
unin.-upmlll«<l'i.lna Counly, AriT.ona. 

fcua TeL:h hu,.. hccn couuacted h) pruvidc Sl!pponjJlg ~~~~inoering SCJ'\'iCe.s rel.:~tcd to the rt'-estahli•dml\'nt 
u( sturrnw"tcr contro ls at lht: \1 i '~ion ~.fiu~ Cumplex. t\SARCO will be J\'Siorin~o; d1unagcd ..:.omruls 
whie.h arc within !1 j uriMliction.'ll •104 <kli.u~a1cd Wlllercour'¢ C11t Jdined hy the l.'nitcxl Shnc Anny Cotps 
C~f Cugin~'). (l:SACF.). Wcstlaol.l Rccuun:c:s, Inc. PN~illamJ) is the firm U1:al hus hocn .:omw..:tcd l(' 

coord..i.uatc lhc 404·ttcrm.it ptOCt').ll .. ith the LSACE. ASARC'O ",u OC resturi~ ~('lf'lllwatcr C\.'ltlru~ (('It' 
up to the IO..)"Cftr•rcc:um:oce i.ulc:n•l Morm, bas-.-'d ou the cum:ru r\X}\l.ire.~UaD m&luKld by the l:SAC'F .. 

lb.c So\llh Dwnp and 1 aihngs StOfi.);C r ~t~:ilitics (I'SFl 6 & 7 Ohusioo Cbanncb· COIWC)' ftoodwatef'l' 
from west tu cma 1\IC~ng the s.outh~• )'ltnt nf the Mission Mmc oomplcx (aUju~.:c:n~ s nd parnlld l<• Wa;;l 
lldmc1 1-'c:;ak N.ond), which is Jc.,cntod nppli)ximaldy 18 mJJes south <•fTucson. Ari2onu (figure 1). l'ht 
ohjcctivc ol'this t'eporl i1110 docmu~mthc .:urrent.1tld proposed tlminag:c condition,. ft>r the South Dump 
and TSf 6 & 7 I )ivcrsiott Chmuu:ls und ('lr(IVid~ dcsii;tl; !<;ttidnncc which. once imt11cmcntcd. w ill rc· 
cnablish :~cpunu iM of contact and n~•n-.ennc:ru;;t stormwatct Nn~,rr. 

2.0 SURV t:Y AND .\:IAPPL'iG 

Wat.a.~•ed ddino:tlions and cle\·atiuu,~o~ lhr inp''' iruo appJjcublc n:grcss1CIU oquu\iunl\ were bas..xl onl:S<i~ 
7.5 minulc qu~di\'UlSlC' nlilps . 

.-or hydwuJjc un.uly'I(.'S, hoth 2-fool null S·fliN·contonl' nt.1ppin:.; uf the ttrojcct an:a wus pmvidod to ·r~tru 
Tech by .~SAl<( ·o . The detaHtx.im"'P()mg i<c based ou lit:ld-.~urvq· d..1ta ..;ollech:d hy f.:m.ironmentaJ Fidd 
Scnie~ II .(.' (201 S). llori:.contul cnnrrol is ~ on u local mine grid. and i' 1n units of fm. All 
d~'311QnJ are based upon ~oe1h Amcnetm Vertical 0..~ of lY88 {NA VO &8). 

3.0 HYDROLOGIC ANALYSIS 

'fhis section d~bCrihes Lhc: documcntod offii ile hydrolngy for the Mi:ssi<•n Complex. Uydrotugic d11ta fo1' 
the olTsitt: wutctshc:cl'l wcr~ d.:vdopc .. l uml cvalll11100 as p~Hl or u prc:\+iou~ t<13k, as pro.c:ntc:d m A 20 I~ 
IlyJrolujo,'Y and IJcsagn Criteria Tcchnacnl \otcmorauduru (Tc:1r11 Tech, 2015). R.ctulb1 of thts study ~lfe 
SlDm'l8117Cd lD Chc fuUowing section (or I ll Ofhite \\OU.enhcd'l. hl:n\"C''t:t. tbe fucw. (I( the rcpon is 011 the 
offi.itc "'3tcnbcds in.,...-tin_g the d1\-"C1"Sion~ aloott lhc \ii.nioo C'omplex ·,. ~nh Dump onl TSr 6 
& 7. Tbi~ bydtulu,_-y was used 33 an a.id in de\o--rluping a T'CIX'Il'U.Uend~ divero;iun ~pAcjry to pru\'ide t.n the 
contractur in Lhc design spcdficatiunll. 

3.1 llydrulul(ic Method O verview (NRCS Melhod) 

The ~'RCS Cl\ pr~cd\10: 'WO\$ l.levelupcd (or general h)'drUluk-k analy.!li:!O and allows for "''tll'lous v.«m 
d.i:stributiucl.i lind dumrinns to be analylCitl. This methC'CI is nMionall)· ik.-cqud. 3J ~·cUm. lot:ally acccplcd 
within Pinu: C.nun~y, Ari2ooa. Tii': method is awh'*>~c to Ilk" maly~Y~ of~ cuntpla wata~hod 
systems, where IMdscape conditiun~ m~ty change 0\'er lime. This method ~a~ ~.:)o,;let.l rur the cxi5tiu.a· 
cunditiuns hydroloWc modeling bccfJ\J!IO of the lo..;al anU nutinnl'll Acccpmuce aud 1he nmouot of rcrtdily 
AWlHablc hydroluJ;ic da1a (i.e-., s(lil drtttl, topography, and htnd C(W\:.1') to clmnu:leri;;o tho watcrsh¢d ;.trt:IIN, 

Wmcn.lac:xl ch.troctcristics were pro...:~sc:cl using goospntinl dJIIn from USDA, t .'S(jS, aud Pima Cmmty. 
Soil data wa~ dcrwcd froru ~RCS Soil Data, a<i loc.11ly mo<llli«l und available from rima County. 

Sq< .... lon 20 ll 
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' ASAR.(.;U Mi'>!!~i.un Complex 
Pin\a County, :\,,;!"'"~'-'"'-----

'I he analysis u.'3S pcrfNl'I'M:d usiQs Hyctroktgit; Engi~Kx':ring C:cnter's 11)\iro)og•c \.fudding Sofhl'3I¢ 
(III:("· H\IS), Vmioo 3.5. HJ;C.IJMS 1$ o h)'drulogjc modcling ..,n,.,., ~< <1..-vclopcd by th.: U.S 
Anny C"orps of F.n~ (USAt'F.) llf.C-11;\oiS mcorponl"' lhe :>!Kt"S ("N rrncalure and allow• f,...lhe 
Jn.l\l).!i-il!. uf \'OOlpiC'( and inl~grarl'\1 S)~lcms (i.e .. multiple ~uh.-hasins., rescn'()ir "noel channd routing. ct~.J . 

The primary mpul "ari.lblcs tbr dc1em1iuiug the peRk 0<lW a..;l>()~iatcd wilh cscmmwiltcr ruuofi' ar~: 

• Prceipifltti<,n; 

• Raint.,u J .o!'\scs ancl Curv~ numhc•·; 

• fJu:.in dt-J.in .. ::l'li ('lll (i.t= .• WU1eJ'Shed .'ll'i~ll); lutd 

• Time uf ..:ontemr::uion C'lr l11g lime. 

J11c NRCS wlit·hydrograph mdhod WA$ sclocred by T rtra T\leh 10 ;'tOCOUn\ fu1· ~iltc IOJSCS (i.e.. 
infiltmdon) and to estiularc "'orm"'111cr ruooff cboth peak and \'"Oium¢). 11 "·.n al10 u."t'd to &\~lop a 
rtbtiort$hip of runoff ~.s rnnc (nr oa :IP""Cil:ir.; ba."n,_ ~ctl as a b)"droJillf"'h. I he arra under a 
h)dJ08f3ph rcprt:Sett!.s the C'<pcc:tetl tt~Utl rw~n· \ 'Oiumc t:'f lhe haJOin, m-.1 lhc apt:.x of the hydn,.~'T'.rph 
rqm:.enu the estimated. p<ak llow r;,1c of the bou.lu. 

The u->limatell .. ·ahl..:S fo r C'<i.lllin)C--cuuditic-m peAk runniT will be used for the hydraulic design of tll..:: 
chU.Idl~ls and their Cllm::spOJ\d ing ck:mcnlll. 

l1J'OC.iJ)il»>iun Llala was obtOII incrl fhr lht 24·hour. JOO-ycar e ... c:nt fmm lhu 1\'atii>J.UI.I ()CCII.nic AtnlCl1\l)htTil.' 
Adnun.istratiun 0-IOAA) Atlas 1•lj "nt! lhc upper 90·pcrccn.t OOI\Iidrnoc-inlCI'\'3lprccipit.ation vR1ue wali 
UM:d. 'The coordtnatc:s used to oblatn prccipi1ation daJa for the Projoc1 wen: hill.al uu the ccmroid nf the 
watcnhcQ. dclinet.ted. Pn:cipit.atioo poim \"Riuoo ,..en- l1SI!d to cttat~ r.linfsll hyd.ngr~. t\ote th3t shon· 
dunll&on pnx;ipi.tatiou events arc lil.cl~ au prod~c larg...""T nm.,rr peal dis..:baracs due to the intcnsit)· ufllw 
:ttonn (:\'COlt. lOen:f~~ in addiuoo tn n ·ah .. "-i~ tOC l4·b::"ur, 100-)t'<lr l-lorm requucd for prcscripti\"t: 
Arlr.Q DAOCT rtqtmemcnts, the C\alm'ltkm nf short~luration inrcnsc prt'c:tpitation e'\·ents was alro 
CCinductcd. by lucol'pora~ing n :'4-tmur. IOO..ycar prcctpitutiun cwc-m in tb~ l-ll:;;(.'·H\tS modd a..; wc::lt for 
cnch w~11enhcll, a J"a.i.Jilltll hyctug:raph wa~ pt~parcd ulting a lO~)I dc\'c::lui'(XI by the JJhm• County R~gi~mal 
Flood (.Alntn1l District. 

Tahle I , NOAA .,.\Ciil~ 14 Precloitati11n l'uint V11hu1f 
J!.,·cnl Fr>NJ:uent•f (\tear) I lt\'tnt Our.lltiun (hour) r ndpitation (incbc.'sl1 

1()0 24 4.40 

100 3 H2 
' . 

3.1..2 R ain ran t.oucs. Cu.rye ~umber 

A-'1 tu1led p~vio\lsly. the NkCS has dc.,.•tlopcd a widel~· used CN pf\1\:edul<: ror c~t1mating runoff (rum 
storm C\'cn~. This procu1urc w:. ~ usodll• c>lirnmc the d.iri:Ct run<,ff "alue:t ((Jr c:aoel\ basin aud tvas ~cloclc:ll 
due to its wide application and il..cot·porntinn intu rnauy hydrologic modeling pru~rrarns . lrtitial rainfuU 
inrillruliou loose; depend prirrUlrily on soil chamcterislics om.J laud u~ (sul'f:tcc cover). Th~ KRCS 
melhod u~t:S a combinntion uf soil l'On.Jitions :md land-usc numbGJ'S to l\6-5i,iJl mnoff fnclnrs kn~>wn <.1s 
('\U'Vc l\umbers (C~st Thctte C'Ns n::prt:lltuil lh~ nmotfpo1cn1ial uf a :t~)illypc or surface .ucft (i.e .• lhc: 
hiJ:lhc:r Lht= CN, l1112' higher •he nm,,rr potemial), h sho;Jid he nnted I hut l<•••a"llumtion events have lower 
(.'N~; howt=v~r, su.:.:h adjmunent,; wen;:~ nul made tOr tbo purpuscs of thi ~> Mudy. No1 making ~uch 
adju~~.g i,. considered to be C<"~n~een·lni\·c (:.a.Jeltbr purpo:;~ nfthitt 1-1uil)' cfTurt. 
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i\!:1..:\RC:O M ilt!IUttl ('umpkx 
fima Coo.\1)'. AlllUIIII 

A, Soil (;,Y>up 

ln order t() dt:tcrmine the mnotr puh:nliltl. f11..:: NRCS cla'lsit)C$ jOill> as ·'A, .. ''J3.'' ··c:· nr " l>,'' bal>tx.l \m 
thciJ' hytlR•I<•g•c ~oil gt'oup. Type ''A'' soils, sudtas :-.ttndy sOilll-, huvc n very Jow run••ff pot('mial lnotc: i(l 
be e<mscrvativc (wt.fcJ, Type "A .. soli~ urc: g(.'riCraUy t~plu~o:t:d with l)'p~ 0 S<lii'C when t:ucountcrod in 
Pima Count)). (Ieavy clay and mud.)' S(lih . I'IS well .. ~ :d'llllf'lw/rocb.')- .sui]~, arc ckustticd as TYf!C "0" 
soils.. and howe a ''CrY high rw10rf potential Tht' United Sl:w:~ [)qlartm..""flt or At:ric:uhurc (liSO:\) 
mailllains a database of h)'(h:ulugic S('lll cf.M3 lla has bcxn compiled as a pan oJ thdr ,.,., ~1"\'cyJ. an,J 
pru,·itlcs t.ht~ infornu.tion thmugh mApS. 

tteeau~ t:<1d1 bu,.,in ts RSsigoed u uc ('N vnhl(', J\'~an.ll e-;s ufthe quautily of ~oi l v•·oup~ und land uses thnt 
it mi~ht c •ml11in, 1\ COtllJ)Ol>ilt!-C~ givc5 t1. more avcunltc n;prCS(Intuliun <'f the "t1'u~" cundiiiOll'J: a t the si\c. 
Cumpositc Cl\s tu-, ubtnincd by rbJJowiu}l thc s~mc pt'O('-.:I.Iure-c ahnvc; Mwc .. ·cr, tnch composite C~ 1.~ 
then wcighlt:l.l with re.ccpcct to t:.o .... • IIIllCh !ltCll of~ b.L.;in it occupies. Tbt:~te wc•ghtcd C>l~ arc then 
3\'CI'aged to .atn\'e at the r:inal CN \ 'aluc. I able:! sbcrw~ the Hydro~c Soil Gm~. and incl1.Kle-l a hrid 
desc..-riplKm rq.,rdin: their prupc.ThO. 

T:.tJ1t• l . ll ·d.rclhl£it s .. n G N UPll fEKchrdln.a1) )('"A'' Sctib) 

J.lydroiOJ:If. 
Soil Group Otscription"' 

n~ wl.b bi:l''t': a ll'U'Idc.ith~ in.fdtr1tioa rar.! when lltt.'Mt;bly •n •• -d. The)· chadly 
J)IX" B are n .... t.dy de~ 10 dctp, JU.JCkmdy ~D dratnrd to -..~ll dtaiflt'd. m., lh&l 
~~~ly lt1'1.' r\.Wll)f( ha:\'C •tOikfllkty (me ro nk"'dt1tkdy cu~ k'.Xouts. lllcy ba\-e a modt1:a•~ mtC' of 
polcntia1) v;a1et lm11fl1)),;1itot'l (4 t.."> -R uut~ilttJ , and .are &.:ncr.lJiy t.leR.nbcd &!I !lihy l<'llm i'lnd 

l(lllnl. 

Type <.: Thc!lc M.'ib luwe lllilow inti lllflli<JII rule when thorou;.hl)• WC'I~od. They chi\~11 )· buvt 

(Modcratcl>•l•it.lll'uno(f 
.1 la~·t!l' tl1<1l u:npod~ dt'l9i'l'lWiiJll movement (If \l.'ll iCr ur I.Javo moderar-:1}' liuc lo fine 
k:l\IUJC. l'bty b4vc a ~l,>w rille of" wncer <rlll~mb.si'l.!u l l (0 4 mm:'hr), <1ad t~rc 

potw:ntial) ~aUy dc«rib..'"d ., s:iJ!tly tidy &ocun. 

~ ~ l:a\~ a \~ Jn-. ifllikf'..UOD RIC' -.'heft d•'lft.Npi) •-cued. Thq· t·bJcOy 

lJ<il< U 
CMSi,.t or day :lOtts thll ha\'tl d h_~ f\III~JitU~ p.')(Cftlia); ottnk t.b&t htv.: a 1~"'!1CQ.C 
higJ1 \~oJ!\'1 t.,blc: liOtlo; that hh..: ,, ..:l•)'PIIfl or clay la)ct 111 ur oeu the FOUrf$C~i 11nd 

(14g.b runotf pro1eu1i:.lJ shaiiM .. ~NL. over nearly impc1-viu\•r. material. They h1w-.s 11 \.tfY liJow r.1tc nr W\ll\"r 
rmn~u o il!!!iVII (U to t rnm:lu). and ,al'tlt:tmetll.ll )· d.:!lcrihc,l tt j d ol)' loam !llld $illy ..:luy 
IOli iJt. 

•OC'ier: lion:. t~hLalnc•l fi'ror;l !bt' Pb:a Cuuntv tt · i«)tml FloOO Couli\JI Uillll'l.:' PC-I rdro ll!iit!l G~,oiJ., p ·"' 
3.1.3 Basin Delint'atioru 

Unique cmrt.nhunng oiDite waten.hcd 3rttlS n·.::re ddim:mtcd m. key point a1un$( lhc wes.tcru side uf the 
~·fission Comt>lex whtort! divention ch~nncls are h.x:.att:t:L h1ch t~ffsite drainase hn:dn, was. aualyLt:d as p:ut 
of the dcsig.tt onJ un: shnwll i.u fiJJUJ'C 2. iu addition to beinQ d~ictod un the Jlli(.;~J (~fS Schcw..111e in 
f igurto 3. 
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ASARCO Mtsston Ctuupl\~.\ 

Pima County . . !ut~•oa 

Figure 3: HEC-HMS Model Schoruatic 

3.1.4 RalnfaU Runoff E><'<SS 

The; .t\.KCS mcih\ld cstiw...'ltcs rainfall nllloff excess <'Sa function of C\IOl\llativ.;: p(edpitatiot\. soil cov.:r, 
Jaod US~!', and the- Am.ecedem Moislure ConditiNt (A .. \IC') usiftg th~ J<J llowin~; rdatiunships: 

~(:...1 ' ....,-,:.:h :Ll) '., 
}J.z =-= 

P-la+S 

S-1000 _1 0 
G':V 

Pc; = the neeumullued pr.xipitntion execs!'. in inches; 
1) = the accwnulatcd pr.x.ipitation depth, ill incites: 
S lhe nw.xitnum soil \Vate:J.· teletuion patart\ete(. ill inches: 
la - the initial absl!actiou. ill inches; <Ul.d 
C'K - the cutve nwuber. 

Septembcr2015 
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• ASARCO ~·li !l!!i(lll Cnmpk x 
fl"i.JU~I C\•tltll.)'. Ari~OJUI 

From sm :m:ily;is of many sm.1U cxp .. ~rim.autal Willo:'1Sh~b. NRCS devclnpcd an empirical t'e l:uio u:.hip 
l:lctv.:ccn the io.itial abstraction and the u~imum :.uil wah:r-relcnli<m p.ammctcr g.ivcll by tht' l~)lhA· in~~ 
.::Xp(CSSiOt\: 

Ia =0.2* S 
Therefore, the rlctcrmin~tiou of (ICC\llllUiatcd PJ~.ipih\t!on ~::«c~:ss ..:un he rcwri»cn "s: 

(I' ll.2SJ' 
Pe= 

P+0.8S 

3.1.5 Time of Concentration/Lag Time 

Tile tUnc of conccmrmion ( f:) is tht' trm:d tirne fi1r runoff tu lr:wcl from th..:: hydtaulil.:dHy rnust distant 
po im io the ba~in tu the uutlc:t during a pc...-riod of the JllOSt ime.t.;;~ rainfall excc~<c. The time of 
cnncentrulion was dct,erm.inod by consider~ the most hydmulically di~hml Ouw pMh fur each basin . 

Lag time fol' this pr~ject was cu mputed u:-;ing NRCS TR-55 09~6) methods l~)r shoel Oow, shallow 
con..:~ntt<Jl~ now' and ..:hmmd n (l\\'. 

Th.~ hydraulic k:ugtb aud wah!J:Jted slopt' r..-quire\.1 Wt;:r c dcvcl<:~pcd us.iug ;\i~GIS and availahfc
topClgraph.i..:. data. The lag tim~s w~r~ lh~t usetl in HEC-'HfvlS 1,('1 establish the pm Jlows u1 1hc selected 
OOJlC..!'IUJittioo puiuiS. T <Jble 3 pm.>c:nl~ I he calcu iRtcd bg ti.ol\:5. 

fl Tl r Tablr 3. Sumn1ary., ••• me 2i r~mtllt:rs 11.0d Clllcul:ttion' 
' Sob-ba~hl R ·drqlqgic .t:lc.tnCill Laa Tim(' (mh1) 

Sou<ll Dump w ::.o 12:15R 

Mineral Hill A W_)•lll A 51. 7Q 

.Mw..md II ill U W MH B 4S.J.J 

raJJin~ 6 &. 7 W T 6& 1 ':'!UO 

Tailins~ 8 W_l S 15138 

S;m X;•vi~r w sx 1)2.61 
lke Dump w 10 1-!!.67 

Oxide L>ump won 60.81 

September 2<H5 
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:\SARCO Mi$$iUu Compl¢.\ 
Pima County. All.V.'Da 

3.1.6 ltoutiug Method 

·'Channd routin:.t' ' is tht' term appli«l to the NRCS met.hod to nccotuu for th\' effects of cb.11Uld storogc 
on tbc nmoff hydrogr<~ph as lht: sturm event mcm~s thruugh <.1 ..:h;mnd r~ach. Cl1aunel ruuting is U.'it:d to 
tlwl:,hu~ and attenuate an tlpstr~uu nmoff hydrogr~ph into a do\vnstrc:ml hydrogroph duri.ng tl_l¢ specific 
th::-;ic,'TI st<•nn cwt:nt. In this ~~~trd. the Kitl<.!:JU.1tic \Vavc Mcthod was usod for th.:: routiug of no'' ' through 
<lnd along the ch~nncl );(.'\:lions, which ha\·e ~I up~ at approx.imatdy 12%. 

The. physi.:-<l1 cll.1JlllCI ..:-ll.1r.'IC{~fisUcs ~ned in the-routin~ me presented in Tilhlc 4. 

Table 4: Summan· Cl t'C haond R11utlng Paranu:h:rs 

I Sloo«Wfil I 
M:mnin~ f{t;;h::h 

RCIUtillt! Reach Leo •tb (fil ="·"llht\' S\• •m.:.ots Sbuot• 

R S04 TO SD3 3200 O.uo2 0.035 2 'Jr<IOt"Wid 

R SD> TO ST>2 5201) (1.004 (1.035 2 Trauczoid 

R SD2 1'0 SDI 9C-DO 0.0 11 Q.O:l5 8 Tt~?:oid 

R SUITOTSJ' 60!)0 (1.02/S 0.0.:1 ~ 1 Tr;;~co ill 

R T~FTO 
OUTFALl. I(,()(; !) I 0.0l')5 O.OJ7 l2 ' hape:<e:old 

R 1D TOOt> 10000 I <W25 0.(141 2 ' llap:7.oid 

3.2 1£:\.isting Conditions- Hydrologh:. Results 

Table 5 sumrna.t•ize~ th~ cuu.mlMivc pe<lk-nmoft' rc;ults frQm the hydrologic 1m.aly-:5il=> U):.ing the 1 OO·y~r. 
24-hour t:\'eut. as wdl as the 100-ycar. ·~ ·hOll r CV\lJU., 

Scpccmb~r2015 
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:\i-.:\1{(.:() M l':l':llon Complex 
Pim3 ( '••unl ) , Ari:ton..1 

Hrdroloa.k 
o. ..... 
w so 

W Mil A 

W MH R 

J SD 4 

R !:>1>4 'JO SD3 

1 sn .l 
R 5.o.:n u :mz 

J so ! -
R SDZ TO :SUI 

W '1 6&7 

J SO I -
R SOl TOT~F 

WTS 

J I Sl 1 

R 'fSI" TO OLTFAII 

I OUTFAll 

W ~X 

J S>."T) '\ 

ww 
J lO I 

Rill 1'00)) 

w on 
J 0)) I 

nnto.•Ct" 
Atn 

ho IIIII 

7.1!1 

I.Jf, 

I I.!S 

1.25 

l.lS 

~.61 

Ui I 

Q,S 

1)' It 
.1.~1 

1).)) 

IJ.J) 

IO.ot 

2J.J..l 

:rt.:W 

23.l4 

1,1(. 

1.?6 

1.2 

l.2 
1.2 

1.09 
2.29 

Ou.in.•x.: !R~<")'Q~~'~'------- - ---
Tat)k 5: Su.n:mm ry of t:.1.htin!C tiMS Output 

11)0..\"('V, J-llvuc £''<'al 100-Yn.r. l4-Hour F,,-._nr 
Fn.k Oi.sc'h.a.11:e Time of Peak \ 'oltUDC' Pn.k Oitt.lll~ I Tim~ ofPn.k \ ·ah•n•• 

(dol ( .Mt:Mih l) (0<'·111 lrul (houc: .Ua) , ... n) -
2!53.7 01:<&0 2¥-I.'J 1993.1 1:0:06 ( 101.) 

ll!n.9 •n:lu H2.l 1465 10:48 :!40.7 -
11)<3 02:15 121)9 650.1 lfbil :!Ol.l 

10-B 0~: 1~ 120.9 l'i.~O.I llJ:4l 201.1 
1038.~ 02:45 Q0,4 645 11:24 201.7 
1933.(, 02,40 2:12.7 1 ! 37 .9 11-12 -142 .. ~ 

192.9.2 0~:50 l iR.S 1 220.~ 11:18 44~.~ 

3665 0.1:00 )00.4 ~95K') I I. '6 ll4l.5 

.\661.) li3:•JS 454.9 29S5.7 1 1:4:.! 1,~ 11 ) 

1492 02:5() 210 l~l4.3 li :Ui 1'20 ~~ 
~ 105.6 m.oo ~~~.~ ~114.7 II :J fi 2U6J.9 

5104.9 0 \05 t12~., 4 110 II :<17 2U6J.8 

! l<tJ5 04·(Jo) 216. 1 13072 12:4~ l-'86. 1 

M1.;1i.S 03:21) !W4.1 599';:.4 11:54 J$-IQ,O 

66::0.8 Ol:lO 710\ )9')J_g 12:06 )~7.2 

66::0 .. Q1:JO 110.$ S993.8 121)6 3S-47.2 

2.!4 1..8 UJ:SO l(,S.Q 21\1 J 11:13 12!2..·1 

~241Jt R.l:SO '.?6S.~ 2131.1 
)1 ·~ 1122.4 

1\ 89.9 OI :SS 11 6.(• 8:2Q.Q 10:2< lOS 

13S9.9 01::-;.~ liM ~2!.'.\J 10:1-4 IllS 

1376.3 ()2:ll5 IIJ. I .112 17 JIJ:JU IQ4,1 -
601t.5 01.\0 7~.7 444.3 11:00 160.8 
1836.6 02:U5 192.? 110'!.4 10:36 I 3:5.~.4 

ScpDembct 2015 
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ASARCO ~.'li ~:'liM Complc.'t 
Pimn County. :\rit(m.'t 

3.3 Estimated Region~l Rcgrc:ssion Flows 

Peak di:,ch<U·g.: of &tOIOl\\'atcr runnff cumput~d uiiin~ i\tl)' mathem.MieaJ model sh<luld he cumpa~d tu 
regional rt:;..'Tessimt relatiousltips to assess I he rea.-:um.tblc:n~s:. of reiiults. Due to its remote Joeatkm find Lhc 
absence <lf a prc:viuus ltydt'Ologic srody and locnl gage data, l(•r calibration putposes the: peak discharges 
tOr the Project wrre initially coLnput¢d using a region~ I regression mc:lhml Ues~:riht'd ill USGS Fact Sheet 
II I -98, The Nation11l l-l<>orl-Frequen~:y Pro~ratll Methods for l::stimat.iog f l<lOd lvfagnitude ami 
Frequency in Rmal Areas in Arizon:• (lJSOS, 1999). Re.~ional reg,.-cssion methodology is based on .-. 
r.::gr<'Ssion nnalysis of a number o r siuillar hydrolog.i~ rcgiOllS. 

Tht' projo:.:t area lk's '"itWn the boundary o r t:SGS R..-gioo 13. which is based on the above-referenced 
study. T<~ble 6 idemifics the estimated p-eak dischar~~s (()r spniGed ret um im¢.t·vals b;;sod \lpon the 
applicatiun o f USGS Re~OJl 13 Rcgi0lt.11 l{cgrc.<~si<ln Equations at t.h~- pmjcct :-it~-. Comparison to the 
H,.,·IS Study result.-: ut fuurcooceuuatiou points were ,1n~ ly7cd fh r correl>lli<m purpt!Sc:$. 

Tite fl)W' .,;onceJ\tcation points :m~ lnc.'th:d at kt:}' p~)ints withiu the modd as follows. The: Sru.t Xavier Nonh 
receives ~:~mtributiO lll> It-om the San Xavier w:-ttcn hcd. \\fhereat>, the South Dump re .. ·ei\'00 contributions ,_ 
tfom the Soulh Dump water~htru i.t:t addition to th.:: "'liucraJ Hill A ,1Jld Miner.'! I Hill n wr.len:ohtx..L.>. Similar II 
tu S;:m Xavi~·. the 11<..:: l>lu.up receives Oow cmttributiun frum the Ike D lltnp \Vat.:csh ... "'d. The watCJ'Shod 
down:,tr~am of the lkc Dump, l~bclo:;t mt the Oxide Dump. wa-." n~)t a fOcu:. ()f this iitudy: and was t\Ot 
indicnted as a ~:om;~ntratiou point in Table 5, below. The cuncentmtinn point identili..-d as TSf 6-7 {1-19 ~ 
Outfall) actually indutles the upstrcatn w;;torsbed contributing tu the SnuLh Dump in additiun tu TSf' 6 
&7 and the T ailin,gs 8 wat~rsh..-dii. 

Ta ble 6: S untm!ln· of t:lislill!! ·uuditiOit 1 . ear St~nnwattl' Flr.w~ c 00 y 

I W IS IDIS 
Ryd rnlr.aic Area CSGS lUU: <.:~kulnt<:d C'lllt lllll l l.'>tl 

:-lltiU(' F.ltmenr f,;a mi) (Rc!'ion 13 - cfsl 24-1-lour 3-llour 

S<..1ulh 0\11.-, ' .1_sn 2 9.& 4.n4 2.!>59 3.66~ 

1'<1iho~~ 6 & ? .t sn I 13.3 5578 4.115 5.106 

T ailillJ!> ~ J TSfo L 2}.1 2.274 5 995- 6 676-

Outfall J Outf11U 2~.) 1.274 5,994 fl ,ll-:' 1 

lkl:: D l lltiD J rn 1.2 1.420 =J ~JO 1.390 
San X<t...;t!r :-lorth J sxn ~ '7 .s 2. 131 I 2,242 4,253 

Rtuloff events t\'ith U'Klf¢ frequent recurrence inte-rn1ls te.g., 2-y..-ar, 5-year. LO-year, 25-year, and 50-year 
t:vc=nts) can b..- O.ipproxitnat ... .._1 by \ISing a1oca1Jy ~cccptcd mtiu In the cumpukd 100-year peak dj:;charge as 
prcsc.nt.c.'(J in the Sumdards ,\-/muwl.filr Drm·Mgc.~ D<'sign m•d Fioodpi(liu :\.1tmngmuem ;,, Ttwsrm, An':rma 
(SLA, 198!:1). Table 7 b\.:low shnws lhc:-ratios a~ applit:~1ble h) the to.tissiot\ Mine Complex. 

T ahlt 7: 

Prcdo 
\\' lel(' r$1 ~;~~. ·el'tl ~ 

t:Rura1 L Narura 

Ratio,; nf More •·rc<utcnt t 'loods w tbt• 100-'r't't<~r 1~1oud1 

i{t'('ttrll~Dc'~ J nh•r n ll 

2 Year I 5 Year 10 Yc~r lS ~·c.•~t r 

0.10 I 0.23 0 31 O.S8 
1 As CXCCI'Jiled from l;~bk 4.5, P~· <1.0& (OOT, 19S9) 

14 

so v~aL 
0 " '7 ... 
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'ASARCOMmwoComrJn 
f'i1.1lil. Coomy. AriMo!:.:'::'-- -

3.4 DcNigo Oischargc~ 

As swruna.rizcd abo\'C, bydrull'l(IC data for the nt'in..; \\oaten.heds wu.: b~ on the 201 S HydroiU1-0' snrl 
DeliiJ.-n Critcrj~ Technical Mcn1c-ram.lwn (I cern Ta;h. 2015) . 11Je rc:fcrCilCCd Tcchnic.l\1 M~mur~mdum 
documented th~ t:xisling·c('lndititJns hydrolo~y l~>r ull of'tSit~ w;Jtc•·t; hC'd~. huwcvcr. peak dil'Ch.1 J'gt:~> 
imp•I\Cii.J.tg tllt: Sm1th Dtuup aml TSF 6 & 7 Oiverxion t:h.'111ltd:.. arc tile rocus of thls dlv~rsion chan.nd rt"
cstablis.hmc::nt p.rojttt and will he carried runh. 

Hf.C'·H.MS pe;~.k-Oow TO::SU)t..i (~,.- the HJU yc:'IJ', 3-hC~ur CVCJ11 were found 1-.> compl'lrt well with flood pt'ak'l 
c~1culated usin~;t USGS Rt'~iomtl R.::g)~siun Rc;l(ltie>ru.ltip.'l (R ltE) s~~.:il'iCJtll}' d~\·elupcrl for detcnnining 
lOO~yt'ar flond peon in Mluthcrn Ari.-:o•ua. I his vnlil.latiun of the n:~uh~ provh.h::s 4;unfi rmation t.hnt the 
compult-d pca.k discharg_es will ~ suitab!c (M \JSC as \he bfl.,i'J of the future modding on this prujccl. Oooe 
dctcrmrncd. t.M pc--.dc-Onw rC$Ull fur the 100·)'\.':ar, 3-hour C\~~ tt"as thai uS<d in CM"'binatiun v.1tb loeally 
Kccert3ble r'atiOli In dctctm..inc J1ak flows fOI' lhe mor,;: (1'\X)Uetll T"O;:l.lfJ'¢J lCoe-inlcn':.\) ftiiiOff C\'CntS (e.g., 2-
)'~11', 5-yc:ilr. HJ-ycar, 25-ye~~r, 1\1\d 50-yenl' CVClUS). Tablet< ptO\:ic.les (I 'JUOlJUO.U')' or the C:Ompuux1 peak 

discharges _g.:th,mJ.tell from the up land wRtCfs.lk"d~. J.c>CJttlon points m'c shown in F:xhibtt I. aJ<,ng with the: 
COrrt$pol'ld..iuM r~'Urr~e i.utc:r,al,. used i.u.lht: hydraul&c analy-ri:s for the refer;:occc1 Suulh Dump and the 
'l'Sf 6 & 1 r>h'Cf'Sioet Channel• 

"'') fntre• 
Wate 

Con . 
11\'111•1 I CtuuuJ.nth:e I 
nbnl Ort~lD•E~ 

trtbudon Aru 

Pu" Uildlar e 

Cont1'11tntion Rh'ff" 
I" oint ~1111iou :ZYur !' Yenr 10 Yur 15Yn t 5(1 \' f1l IOU Yrar Sq. ,\'11.) s . ml) .\ren 1 

1,489 1 ,9.~ rl I. 
:.!,812 .,.~bl ' .. 
J,9ll '-106 3 

I •.•.oo (,,(17~ 10 

15 ' ·'~ 
IY Sld 

_,. 12.07 
,01 l2ll! 

CPl ::!7!.1') I 191 44; 71<\ 1.122 
_ CP2 27330 )01 84 .~ Ul6 2, 12fi 

('V3 1'14~5 "' 1, 174 l .lll9 2.961 
(.'N 1005'7 6AA 1.535 l ,·l i'O Hn 

4.11 UYDRAUI.IC AN.<~.L \'SIS 

4.1 \Vatcr .. Surfat.e Profile~ 

Stc11dy~statc waaler·:mrfucc prulilcs were COtllputcd usi.ui the River A.u.aly>is S)·stcm wfiwnrc (HJ::C:-RAS, 
v-1 I, Jauwry 2010) d"'elupcd hy the US.o\Cil H)'lrolol!ie f.ngmc<'lilll; C"""" IILEC). The $1«>dy..uatc 
~~~~atioo proc::edure il' b3scd on the ono-di.mern.iunal (l·D) enc:rg)' equation, with OOt:r).,'). ktS'K$ 

c \·nlulltod by fricliun (the Manning cqu.IIHCin) rmJ by C('lnltt\Ction/e:<pnnsiou (\·d nclty h~tl) . The t-IEC'
I(AS 1-D :,!cady st11tc simuhJ&iun ~·~s\•mcs thlll llow is stcn<l)', J-,rradu(llly varied, Nnd h:u a Ntn:am slope l~s 
dl~lll 10 pcrccut. A lirnitutiun 10 1-D n~)W <I.!IS11n:lptiou i» tlu.t velocity cumputa(iOto. UfC:;onJyaccounlc:rl for 
;n lhe dir«tioo orflnw ( USACE. 20 I OJ. HtC-RAS ;, 1n IIIJilrOv.:d method of flooq)bin &J;ne.mon and 
MalyJis within P1m.1 C.ounty (P1m.1 COOJil)'. 2007). A wmmary (\f the: morlc1 iupuu l:!re includCil in the 
s ... 'l:'tiunlt below, t'l lld arc: acccrtc:d Jlletlu.Kl>. ur J""'ramet~ri:mdon a~ d~..:rihed in 11ilrUI ('numy T~h Policy 
19 (Pima County. 201 2). 

4.2 E.~b:linJ( Condition~ 

l-SA<.:E IJ[C dO'·clopOO the: (icoH.AS e,~tt~n,.inn (L1SACC, 200lJ) to intet.>rnt<C wi1hin ESlU (jcow:raphic 
l..n10 rnmlion Sysrem (G IS) :-;nAwnl\' i\rcGIS ( Vcrsicott 10), which was u:o~cc l to <l¢\·t:lur• I he HJ:C-RA$ tnp\lt 
lile.-c f'br thls pH:Ucd. As vcri.ti-cation uf m(l(lcl de,·elurmcnt. 3ot"J~ith·ity 1'1Jl.1ly~i~ wa" l'l.lso conducrc:d to 
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document the imp:tGI l')n computed Wlltcr-surCace d C\'ntinns ~)r 11•~ selected bmuulal')' couditi<ms nnd the 
sdo::.ted Manning n>uihllCSlt. onefficienu. 

4.2.1 Cross-Sectional Gt'Om~try 

Usin)J. the H ~.C-Gc:,)lt,AS C'ilt.'lls iuu Wtth.ln F.SRT At'G<.ii.S (V(.."f'Siun 10), the we-;-1 -IIN::u~l tlowing ~uuth 
I )ump aud TSF 6 & 7 Diversion Chtuutcls wen: ~haractcrizcd hy ulili.:ing a Tt•inngula\~ litCU\tlxr 
Nawnrt (TIN) surrt.cc. Tbt' Tl.N wa.11 used tOt dCICfTrnnin~ d~!\11cl cm~-scctil)u clcvat.ion~ ar.LI was 
based em l.l~.,.raphJc "Yney data pro\'klcd by Eu\11\'nn.:rd.al Field Scrv.cc.. t.LC. (201 S). (.'m!ts-sccaioos 
..!dined in CHS rue imrortal tu llt.'VRAS b) lltt-(icoRAS, V~m('lft 10 (t.rSACE. 20tf9). TI~e 
nppm~.tilllfcly 5.3-tuilc·loug r(:ach iududcs 102 C-f\)S••4CCtl(lns ~cc:!.l ot 100-fnol intcr\·o.•ls (on <tvcmgt:). 
Hank stations \VCfC :<.el c:-.:l~1 l>cginnin,~; ut the goomurrhil: bauk. which wm> ba&od ''l'On review .:>f et"05s
sectioo VC(YIUt:lry. J\ eJ1.11nnel c.m~-SIX-IiOn mr.p iii included liS [xhibit 2. 

4.2.2 ~l annint Roughness Cotff«:.ient• 

:\ MtUl.UJng mu.~-;huess cocfiicicnt (n) CM he calculated by chno:,iur; a I.Msc value ln .. ) for Ute channel bt:d 
11\lllcri<~h and then upplying physicl\l adjustmeniJI to aeOO\Int fur .;lmrulc) irrcguh.1rilit"S, cb .. 1ngc~ in 
ali~onmo:l.l. Oow nhliln~~;:tious.. the pr't'lidll:~ of vcgdati.uu. and otho- fu~.:~on. (PhilJiJ>'I l'lntl Tadayott 201)(1). 
OUc ~ lhe diftCrm land<:o\"cr t)'f'C'o found at d1fTr:n:tll ~.ross sccciunt. aloog tbe reach, ~s 
cuenidcnn arc, in pan, cOllculatl:d accordmg ktthe IIUXI~\'cr I)'PG1 at different en~ so..."tiCiflJ. Tahh: 9 
show~t the Mau.uiug rou,~;hness cocfficit'nl!l (n) for rhc: riglnt.w..::rbank, mdin d-.awlel. nnd left o~·~tbank f'(.lr 
cruS~·$CCtinn River St~nion '2799l to 17..;.~5 and n 03S·so:.tion Rivt'r Stotionli S):;O tu l~84. At lhese c•~'J&s 
s.ectiuns. tbc lefl o\<erbauks are ccn•crcd by a cmnbinmion of riprap OlliS vcgctatic~n. Table 10 show11 IJu: 
Mannirq.; 100~• cudlkic:nts (n) fiJI' tbc righl cn'efbauk. roam c:lwu~l and ld\ 1,)\.crba.uk for c:m<tS 
k"Ction Ri""er S1.auon 174S5to 12071l and ~....-oos4sccrinn Rh'tl" SU.tion 1330 t() 69 'l'hc left U\~'lio:s of 
lhCS\: cm:o.$-sccliolls nrc covt:r~d by VC(tCIIllion ooly . .,·or the mai.Jl ch<'nncl and right ovcrb.1nk"', Lh~ ls no 
ohviuus '~fl:i li ()n iu the lMd-ccwc:r types o~Sot-"f'vc:d~ M), for purpcl:-.es of tllis s.tudy, il wo.s assumed I hut the 
roughnc:,os eocfficieni!O !Or lhc mllin cl.:...Jlltcl and right U\'erbaJ.tJ; rcm11in cot\sistcn• Lhn>uJ.;hOut the cn1ire 
reach. I he ~uatioo used forth~ Maw.1ing n ca1cuJatioo i~ sh<~wn below: 

n = (n,. + n: I JJ.t + ~~~ + n~i m 

Where, 
n, = the: ha"c: 'Yltluc of n alonJ; t1 SU'aigbt., uniform .. smooth chmmd ill nan1r~l nllllc:rials 
n, a oonoct1on f....::tor to aceoun1. for the dfo::.t nf sudlce irrq:ularilit"S 
m = a va!ue 10 :tccou.-. for \":Ui.11ions in 2-hapc and l!ii7l:' uf lht cbanocf cms..~lioo 
JJJ =a value lO nccounl fi,r ub:tlructions 
n.t a vnltl(; Ul uccollttt for vc~etutiou aud flow cc•nditious 
m = s cctm=ction factor In ac:.oounl for mea1tde:3iug of the clumnt:l 
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Pima <.•uulllY, Arizun.1 

I Ki~tbl Onr U·~•!!:"•~·-- ~cctlu"-"--r;" 
n-~ ~.oR_r, Riprap U1111\:!. 
n_ -,-- - 0.00) MiJ>oc lnglulan.,·r.L-_ _ 

~·~:-~O.OUI N«bsoN< _ _ 
11 ~ o ~~··h 1hlo - ---

- .!!,_'-, - 0.02~ Limilt:d 16 ~o Ve-•o:l.atinn - ---

1 t>.-hoor mC3ndc" n'-'' '""''-' --:-:-: 
0 0<~ 

m 

---'0'-rai~ Rcpon 

As l'lhown in Tublc 1 l, the Manning ;;oefikion\); in Table •> 1mll Table 10 arc con;i~tcnt '"' ith 
inve~liJ:,aliotts condu~ttXI by Lhc: Uuitod Slates Ucologi..:ul S\li'V¢)' (' ~SfiS) in the early 1970s (f\ .N. 
AJdrid,;c <md J.M Ctun~.J913), illl \~~lJ as thnse U!!oo.1 io J1 pTe\·iOuS StUdy or the Chl\llllcl systt:IU dl.IU W•ls 
<-oo!pklcd within the suxly~n(fctra To::b. 21114). 

F- p~~~i~~::!Comp:::lonn~~fr£"•"~ ~¥~~~ 
f-:::: n w:t Stu1h· =-c 0.0:>$ 0 f\0-0.046 
I. llt~t.,.'k)' Wash (UN. Aldtid~c and J M Ctarrnl973) 
2. R llllt(.-.! (lf\ralues ( ltl~• Tee h. 20 14) 

4.2.3 Flow Regime 

:\ rrcliminary nuxcd·fluw·re:Wtne model v.-a~ e.\O.:U~""'d wilh result:; indk~fintt ncar ~:riticnJ do"· 
condl\lnnl' ur tra11Sitlonol flow fc•r dtcll scctic:m. A •·ul ~:~ or thumb tbr Mlfi..l-mthnn ehnnncls ~tnd alluviul lbtl 
hydi'I\Ui ic~ i~ that tlua 1:n:mdc number should nc:ol O'l.t.:c:c:d 1.0 (GI'I\nl, 1977). The1<t.iOrc. subcritic~• l lh)w 
L.'ondilioos "'.:::r.:: sei!X'tcd ~o aJ.laJ}7..0 the lluw dWACICI'istics of lhc SOulh Dump and l'Sf 6 &. 7 Uh·crsion 
Channds. This appn'*h will provadc • cnnsn v.tth"t b.lxline rondiliun when oocnp.1ring tht- in.,ans of 
dle pmp:)SC(): impfO't'Cmcnrs on Oood dcplbs, and i~t the t)pical stt'lnd.1rd ~ wht:n modd.i.og fl~Wm. 
or encroachments. Jh,wevcr. due ~' I he tratiS!tionill n1uurc nf the divQ'Siou channel nuw, _pott:otiall)' bJJh 
variations in vcloci1 io.oc will neo.:x:l to be t~cc•)WllcJ (()r wll\'Jl design in~ el\)il iun pl'otoct iCin. 

4.2.4 Ste.ady·Fio" Data 

Fotlr d1ffcrcnl Jr.J.itt.II.'C b.Hins cnntrib\Jh~ to the roctll O.nw along the $tudy rc.1ch im.:ludiug: {l) )tl.ioornt 
lliU watershed~ tA unll 13) thar arc clivt.•Thxl s~)uth at·ouud 1hc mine. (2} 'hot South l )umr Draina~c Oasin. 
(3) the TSP 6 & 7 llminag.e Oasin. llnd (4) the TSf S Dmiuagc l:b sin. The llrainai~bRs.in boundnri~;:I!O ur~ 
sbc.w.·n m Figure 2. h1 ~cuero!, the lll:li\'C oonv.:yancc channds in the appro-'ching \\'ilh:rslted~ do not h:)vc 
capacity 10 oomq the 1~~. lcu·fn:qumt ~~ru. Once the boullJiJJJ cap~cuy of the ~<Aild arc 
$urpa.ual. llQ(\· exTCodt in the 0\'13b.1nk and ~ COO.\-e)'al dOWBSfrcN'n a• dia:Uow sJK."'d 00\\·. 1-ICM· 1n the 
wa-<thc:t und lhe shallnw <wcxbauk. ~lli'Ct tl(lw is inltm.:ept\!d by tbc mine: !l<,mw•atc:r div~rsion channel,., the 
flCCUlTIU)Uli OU Ofthi'l 0(1\\' is required (('I be ml-lna~c:d, f Or CNtSCrVnliVc (safe) <.J~igl\ tlOW J"'UIJMW•!.!S, in lht: 
R AS mu<ld the tlcr.v f'rom ea~.:h dt-ain,,gc ha,..in is nli<Jui lO a ch1mnol L.Tus~~cctioo rtl the up~lrenm t:llll 
where the mine iuiC:I'JCCCJ the initial COotnbution of c.11;:h da"aitlagc basin. 

• 
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4.2.S Boundary Co11ditiuot 

_ _;flnomagc R~ 

The:: S<,uth L>ump <md TSf. 6 & 7 DiveNu(lu Oumncls hav~ n channd bod slurc: of apprm:iuuudy two 
perccm. &>~cd on th~ nc.U·iirit i~t:al-tlow lldttan: of th~ dh:cJ'$lun charu~l. !-c:ltttin~ 1hc c-riti..:al depth 
dowrutn:dm boundaJy coodalkln fnr tbe: modclwM bdin'Cd to be '-:.hd for thi~ aDJ.I)'Ms. 

4.2.(• Rt.•stl_lts 

t\::ouc.r-su•fuce elevations, tk'!)) IIH, tmd velocities thr stcady-shliC v.mer-surface pn)fi iCS wer~ c<:~mputcd for 
lhe 2-ye,::.r duou_t:;h J(l0-ycru cw:nt~ and .are .o~hnwu ill Table 12 aml Tllblc 13. rc:;pc:cti"c:l )·. 

Mbimum channel depths for each rmfile .m: ,.hctwu in T ahtc 12 rbukl \-aOO Umuce t'C'3Ch maxltuum) f(lll' 
rdinfBIJ C\euts with rccum::ncc mto:"J'\';;t)..; of 2, ~. 10, ~5. 50 3.11t.l 100 }"l.""al"S. The m:~ximum cross-scct1,..11 
depths in the '\tudy read. run go from 7.11 fed {2-ycar C\'Om) to I s.x~ .-e~t {I 00-ye:u event). 

' l11e 01\'(..."l'\'IJC ~h .. "Umd vclocitiCli are sh<:~wn iJJ Tuhle I 3 (bold values d~u~ne reach lUuxim~ml). Tite nllli~ or 
ftQ"· \'Cl~ities f<V aU runuffrrofilcs is bd.wcc:n 10.93 ll..:scc3Dd 21.02 ft!scc. 

T ablt' 11. \fulrnum Cbanntl O~:pthl' 

HF£-RA.s t'hallntl Ot·ptb ft [ ........ ,. "'" 
91 4.01 5.5~ 

m1 - --+- -:-, ~ --1:--cs:-:.09::-
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.. 
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2.17 
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2.)9 2.8 

3.47 3.9'2 
1.31 4.4 

6.35 7.3 

7. 1 8.ol , 
2~l\S 2.29 3.37 4.3:--'--·';''··;::_12 -f---:;('·;;-';:- 7. 1l 

f-- - :'22::9;;:" - -t---;'' .;:71;:- 4.21 -t- SAlS 6.16 -f--:':7:';.~:-;R- ~.(i7 
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~ ~ ttF:C-RAS Cl•a""~l l.>eplh (fl) --- -

~ f{i~ SIIIIIOII (l"t) r ~31' ' ~ ~ 10 \'ur l$ y;;- I -so Year 100 Year 

I ~ ~131U 2.81 4.t:i1 b. I ~ :.87 !I U'1 10.31 
21xll I B9 I )7< H ~ 69' 7 ss 

c = :: I ';; :~H-=:: I :~~ ::~ I 
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fo .99 7.9~ 

R. ')~ 1n n3 

SJ!9 0.1)'2 ~.5 

6.4.~ i.06 7.1t4 

? 7.S5 

s 24 ~.84 

6.2~ ., . 17 

554 
4 ~ · 

3.91 4.59 

5.1A 5.9'2 
5.51 M • 7.7:\ 

5.07 l.96 7.1~ -

7.l4 7 ,') I 8.5i 

9.5? 11).2.; lU.!J I 

10 .~4 1 15~ 11.l9 

l228 1'!..3Q 15.0\ 

l l.9S 14.15 15.11 

10.!<9 12.11 IJ.Ol 

9.$2 10.76 1:.511 

!.04 ~.?<1 I ~1.7•1 

7.14 1 !J~ 8.44 -

8.7~ !),I) I 9.0l 
,;.; i ... ? 1.52 

M3 7.1<4 1.62 

5.72 

I 
6.17 6.6-t 

5.5 ,1.95 6A2 
-
-
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ASAH( 'O Mi!llllon C'nrnplex 

~uunty .. -\nv.''''~'---

l5~7(. 

l 
2546} 

25131 

24739 

24418 

24113 
237}7 

2JS23 

2P38 , 

219 13 

!2507 

22151 
21S55 

215~2 

2 1!29 

209~6 

20643 
20250 

19382 t-
19-Bl• 

1!923 I 
18559 

l lSJ96 

I 7tJJ5 

)14~~ 

16945 

}.Ol 

5.i7 

5 .()4 (i , 19 

3.67 
I.M z.04 

-4.61 

.f.Sl 
'.116"---1--=-
3.91 

4.15 <.116 

. . 
7 Q.t 9.57 

5.4 (,,47 

6.23 lt lfo 

1.41 9 .02 

&,()$ 10 71 

S.M 1.61 

5.07 ~.77 

6.04 S Ol 

4.32 6J2 
4,67 s.¥5 
) .:'6 -'.7 
LO' 2.<5 

3.0~ 4.~5 

<. I S. IS 
4. 14 s 28 -5.()() 6 24 
(,,,; 7S4 

22 

' . 

J.S!!. U9 4.6) 5.0 ') 

f>.11t ?,04 7.53 S.ll 

6.84 "! ,1 s.r. IJ.52 

4A4 $. 1< 5.55 5.94 

2.36 2 71 3.().1 ).19 

5.54 6.1 7.H 729 

5.1 .. 5.14 <.14 524 

5.~ 6.,1(, 1.39 7.92 

9 ' 4 . . 10.!1 11 St 12 2J 
I OJ~ 11.29 12.02 12.61 

7.09 7,7 1 lUI 1\.57 

95~ 10.09 11.9~ 12.(.2...._ 

10.02 1 1.1~ l l. 7~ 12.45 -

I 1.64 12.57 1 .~ .24 13.84 

9.29 11.02 11."!7 1!.5 

'7.11 R Rl 9.45 9.91 
9.6 109• II J!R 12.B 

! A! UJ SJ<'> 9.61 

4\.59 7.11 'Llil 9.21 

$.1.S 7.01 7.39 Ul 

J.i' l .ol.9-' 5.16 I'.~R_ 

5.~9 ~\Ali 7.29 8.17 

5.95 6.66 7.2 :. : 1 

6.15 1.:\2 fUll 8.62 

(o,l).l 6.4 1 fU 9 !US 

8 .28 9.26 9.85 10.22 
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- ii.OI I 7.) 17 

1'\S l "<8 -
I :\ ~~~ I 14 ;;;---. . _ 

G.l 

7.91 

7054 1l.l7 

12.05 

11,26 

12.l9 ___. 

14.5 12.(17 
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ASAR(.'() ).-fi.._~ ConJpb: 

rin•-• Ct!Wlty, :\'i""":;"':_-

10.13 

II .Sl 

~ 105 3 1~.85 ::•~:::-0:::6_+- 14.3 

r-= ~: ___ _:~3>c1? _ _.___:~::2-:26 ::.::~:::s_+-_;;_:;:~·-+-

11M 

:! .~~ -1:!.69 

11,7$ 12.7ft 

l? • .l(, I~ i \R 14.12 

l l .~ 17.91 

1l02 ll.ll_!__ 
14<6 ltS.9 1 
I I ,? I 12.SK 

' 

L ---=1584 ~916K~ I I.U4 10.76 ll,(i6 
1330 ~- - 10.1S 11 .'39 

b
::90~'-- ~10.'2 10.7~ 4.7) ~ ';___ 

613 7.03 ~L II .OS 11.17 ll .i7 12 Ctl 1 
)55 ~.25 10 ~ 8.54 _:9:::.4:,:7 _ _L__:_IO 17 _JL,__:I.:;I.::;•9:_ 

,---..:'c:_" - - +-.:_7.27 - +--=9:::.3:.:,7_ 10.24 9.02 10.01 10.9~ L 69 1.~6 9.!6 R.OI 8 .99 I)}) ) 10.!!.____. 

4.3 Proposed Condilion~ 

In order to 1-e.~tabli~h Lhe .stornlw'ater oonLrols alona the south .'!ide of the t.·lission ( 'omplt'x. T eu-n Tech 
hu dc\·ck))>t"'l a pr'Oj)O~ gmdin::; plrm thlll, once COUStnlctcd, will ~>afely COJl\'Cy the 10-yc:ar Jlows 
around the pmjt11 ..it(. I\Jl ovcrvit=\lo' oftbe pr~ imptU\'r!mC'Ol.S rclat.i'"C tu tlw hydraulic modd ~
l'C:Cii•MI..'t att shown un r.llbibit 3. 

4.4 Cbanncl <:cmflueuce Design 

The WRi.og pmjcd 'lih: ~vcs 1.\J a coUcdut clwmcl which di''t':rt• oLrsitc J:tormwaler around the M'""1un 
CcmpfCA. c~ nccur ~the davcncion t.:hanDt"l intcrccpli lribuwy wat.:r.chc:d.'l. AI the prqca toile 
many nr l h<C" contluencc~ occur .. ~ ih.,ll()\\' <' 't'erland now; however, utI& rev. locmi-on~ the primary cb.-"'nncl 
of rhc: lribu\ar:y tCcd~ dirt'ctly in10 the exist ing Jiv<lJ'$iOn channel. Where this ooeurM, it c<~n ..:ausc both 
\'Cni~l a nd hot'izOntll l crosi<lll. f UI' tbo ro-c:o;hlhlisluncnt dcs1gn, whertt coutlucnccs nrc hein:; r~-gnldcd it 
is rtcotnmcndcd thul lhc JWl.;ficm angle, as tncasurCll bc:lwe-e:n the c:cnlerliut' of the "PJ>mach lll)W~ wiUt 
1h< uril!in 3\ lho cnnfl•mce. b< 1<:os 1han ll deo.,r<>.'3 and adoqu;ud)• annorod (COT, 19S9). 

• • 
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• ASAR.CO ;).iiN,aon C".Arapk.t 
Pmu Cwnty, Aw('flit~·,__ 

4.5 Rceoo$nuctcd B:1sfn Crto:St 

Under existing conditions. the oet.nrrm\-ater- entm a ""-ide 3od lihalkt"-' \).;L)in unm..xli•lc:l)' up~n:aw ofTSF 
6 &. 1. lltis boa.sin hM e."rcric:nced degrAdtuiun at the downstrewn cxtcm~, virtuJIIy ohlitcr"tinx till.": 
chunnel aud uuLIC1 Cf l"SI. 1 his ht\1. hi'itori~a lly coutptumisod t•udc:rg•·ound infmsuudurc iu the ru~a 
cunnccd.u.g TSF (I & 7 with TSr 8. IC'IC;)t«l smtth of lldmct Peak H.o~d. A rigW basin outlet crest i.s 
~"Ss.ary tC'I PfO"ltJe wack stabili:nmoo in 1hc area. Tit~ feMUr -=- will ooOO to ha\"C adequate toe-dO\\n aOO 
rt'\ctnlt'lll$ tO nxJuce tb.c faj)um J'O(\!UliaJ dunng high ft~ CVd'll$. '11m. crest W.JI( modetcd 3~ 3H inJinc 
!olrucmrc in Iffir·KAS 011 Rivet' Stati<m 10120. While the inven of the I<,"~W Uuw chJllild will reu•<.~in At an 
clcvatil)ll •>f ~ 11 ~. the C·fCSt wiJIImvc an elevalinn of 3 I 2:l tC ... -.. The pi'OJ)O!oed emtxmkmc•lt slopelt will be 
appruximMc(y ~.Sf-.1 : 1 V (llurimlll.ll t·Verlic~•l • up~lre11m), 41td 6H: l V (~uwnstreoun). l-or convcni,cuc;c:. a 
rnunreMJ:.x nuT'f) " pJ"CCPPSC(t ro be k)C.'Itcd 11 the ngbt.h.md side uf the 3pillu.-.ay ~ downstream. 
Akmc, ~~~llway. lhe shafx: ofth~ rig~d (J~·dted) CI\"M i-. d~rg.ned tu he 11'apt'..:mdr.lln shape. with ' I"J'I 
wtdlh uf 6~ fol:.1 and bot10111 wldrh of u.Jl)'lmximatdy :l2 t;.::et. Pmpos ... •d dlmcllSil)n arc i.ut~ntlOO to 
~cccunmodatc tlu:s I O·yc~r de...;i~n flow to llow tbrough the exlstin.t; h:1sin un·impcdl'<l. N"ntc. thttre mlly be 
M•mc ottcnuati,,.l through th~ c-.:i~{ in!; ba.-.in howev~, f(l( cOrL.;c:rvath'C re$il'«tnS, thi~ ww.-c not a.::e&•untod tix 
m the steady·state mudding cout.luch:d . 

4,(, Split Flow 

O\•wnl\lrt31ll vf TSF 6 & 7. the: c:x1sting clwnnel Ctl!tt"ull)' nn~:s iu a nonnh.:asterly dir.octiou and nulltb 
immMiatdy adjaccru to the Rnnebo Ro.~Jrt Kcsidettlial enrnroonity. In «der to hc.Jr aUC'\iate rhc dii\!Cl 
impiu~ement of 1Jow on thi" community. <t 1>011il)n <lf the flow C(tn!Aincd within l hC' pl'irnary chvcrs.iun 
elu .. nnd is propo~c:d tu he late-mil)· split off tlom the m~tm Chfinnt:lt<' lower the \Witcr-surfi•ce dcvnliou.s Ill 
tbc ItnndlU Rc~o11 community. Thh split lluw i~ proposctllu hoc conveyed ro the Rauchn K.~iOH cullccror 
ch .. 1nnd .;ystcm. located further south, via a new w«.k unci WHo~ channel. 

Withi.n tb:· proposed comlitiun~ mC'dcl, a ~o r1il tc:l.;:.b wa, aJdoci to simu!ak a disu ibutury flow m river 
stntitm 1 ROO. 1 he deiii£nro .split rc~cll l ies lu 1.hc cas I ~itlc of the m•llli reuch. 1111<1 th~ lc:ng1 h W;)S J\Ju~hl~' 
ahout 1::1 50 tet:t lung. ' l'hc split·rc<~ch cross sectional gconK"U'y wu~ dcvclopOO u>~ing the a,·.-ilahlc 
kt('logrnpby. llu:: main-str~ llow and the spilt·How di"!Char~ at the joint c~ *=Chnn t~ti:re lOlkulated 
usioa the Manning cquatioo. und the COillPutc:d dischar&cs owen: lhcn US\.""CC as input Into tht' HEl: .. RAS 
modd. 

4.6.1 Hou.od;uy Condllions 

~ nn the ncar~tical-flcm· nature uf lK•h rhc main r~h and di\'CT\.iun reach. sdh:ting the Crilical 
dqlth dC'Iwns.h·ca.m b<1undary coudition ((,.the model wu~o believed to be vulid for thls rum lysis. 

4.7 COmJJ:trio;on of Exis ting and Proposed Conditions 

\\•".ater-.,;,u~ deYdtiollh (WSI-1..&). depth.~. and vclodtia. fur :;:tC\ldy~state \\o11ot.cr·surfal·e pmfilcs were 
c<'lmJ>utcd for the 2~)·car tb.roui~.h JOO.ycar events. TI•e lO·yc~r and IOO·ycl'lr~pl'otilt' results w._--J~ selected 
for 1hl.) ..::omparil«m of cxistin,K und prOI>OSCd cuuditiuns :~ud 01~ bh<•wu on Exhibit 4. 

Tb~ WSI:l. a'lfl'll>ariwm. of ahc ll)...y..':3.f profile uc s~o in Tnbfe 14. FNtu the rcsutts.lbe \VSl<-1 ':u t.bc
down~o.tr~ end s.ig.uifit.';antly do:rCI'Iscd duo to the J'I F('IJ)O$~o.'\l -.plit·flQ\.v teal·h. The \VSEL Cl.'lltpan~ns of 
ti.Je I on--year pt•otllc ··Ire sh(l\\' ll in Table J 5. 
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ASARCO ~ibiilii<.~tl C".ocnpk.x. 
Pima ('(.lUIIty, Arl.wD1I 

- • I 

D8J6 

2.S..fU 

2~131 

24139 

244 18 

24133 

23737 

l\..~?'1 

232JS 
22913 

2.!507 

22 153 

21855 

21582 

11219 

209.)6 

20643 

20250 

198&:! 

19436 

15913 
.. 

l--'llb:t9 
IS 19(. 

17935 

.. . 
lo400.97 

,).\9k24 

llMHS 

3JRJ55 

11SOA2 -
} \?R.74 

)371\.15 

lJ7.5 ... 

3J7U 

H64:48 

J)~7 J 

335~. 1 2 

)346.~ 

ll<4l.l6 

HJI.l8 

3J27.:N 

3322.07 

'\1 1 4.47 

'\'\07. 1 

12'94.14 

l'll'i.67 

l'!~O.H 

l2n 6; 

.. 
'Wfll.]g 

ll~' 

33!,,91 

;\;RUI 

3.lM.l 

076 

~ O.X> 

0.25 

0.1R 

n so.•< t. 71 

331b.l~ 1.81 

l.l7,J7 0.1J 

117ll.SI ~_,_ __ ..::.·0 .. 76 - --1 

ll6J..I9 ·1.09 

3357.0{) 

33~2.12 6~4----,~~ I 3346.! 

lWO.I 

Hli.Z ~ 0 
3327.) 4 0 

;\ :12 :w . 
3ll29 R 

< HUlA 

)~1.9 1 

J2U.1 6 
nr6.9S 

0 

·I 49 

·1.65 

·2.17 

4 .91 

·1.58 

-2.13 

l .-,2~~'l"'-.44:.__L__ 0.111:1_ _ _ -J 
.1252.98 0 _ _ _: 
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' ASAI<CO ~!min• C .omp)c. 
l'tma Couulv. Afi, •. ma - ' -- _ _ __ _ _ _ __ T>r~maac Rt'port 

~ 

l=£!blc 14. Cui parhuns of 10-Vt ar W~urfact I:lcntiom l 
L 10-YR WSF.I. (lL_ I (1.,.///!."J.~~~~IIil)j) 
L:f.,;·~.::~==t ~ I 7~~:.;:;,-rl '~ 3 

t)S2\I 3230.24 U31J.:4 0 

1 0~9-;! ---l.-J214 97 I 3m;; (l =:1 
L '"j·W- 121~ 3:tuq o =-1 
~ l~lt'J J2U0.2l J2<ltl.?J 0 

1<48K(·~)7 I ~.:F 0 - _J 
212_1 ~34 ~lff' u --1 
750 3170.4:! 31'0 . .tl 0 -

197 31~62 \1~2 0 

R
llS64 1154.? 1154.? 

1.!'::.1 

2!\9. _ _ __ ... 

'078 1 1 \9.J6 .11 ) 9.11 0.01 

,__..:1.:;18"'8~0. J IHJ~fi 3 125.2i' ·0.59 _ _ -j 
11 r.n J 125.2 3113.1>4 . J.._,l~'----

11l6S J 12<.<1 312! .. 12 · 2;:c.2,9c...__ 

11123 1123.21 312:!.()4 0.27 

'---''"u.l, t59 --r-").!.12=~~.1~5 _,_,)12~!.14 ___ 0.79 
10100 l 12 1.:..,·2'--t-....<!Jl2: .94 _;_ _ _ _ 1 A2,_ __ , 

105::0 \ 1'!2.!.1 . .:2,_!! -1-~·l,_,l :!2.9,>:..,_..,....__ 1.64 
103?2 .\ 12 L03 \1.22.91 UIS 

1--10051 3119.2.. }119.43 U.19 

Q~~ JJ)(,(ifi 311668 0 r--
Q51~ 3 112.5'7 

Y26M ' 102 :-.2 

r-91N 3100.1 

l 0% .72 910U 
IS!1~2 10S8.62 
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7317 :t-05451 

J I 12.57 

.3102.~2 
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1n56.S6 
1C.S)bol 
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. o ---: 
n 
u 

0 ---1 
n.ns:...__-1 
.().OS 
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1\!\AR(...'O Mi~J;jon Cnmpkx 
J'jrn• County. Arizooa 

-
!522 
2192 

18M 

IS::t4 
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6U 
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211.9':' .76 
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c .rOM Sei:liUII T.t:iAlhu: 
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... .,.7')') ... ·-- l4:41J ] 

L>r-.unfiJ,C Repurl 

- . . . 
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2920.82 I.,, 
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3425.63 0 '- --1 
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.l424.M o _ _ _ 

L 27591 l42 1.(.9 

~34~4.1 I o
0 
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A ~o\Rt."' hfidoa c·~·npkx 
.!,'itna Cotltlly, An~o;• 

1
- Table 1 S. Compari3lOUS of 100-Yur Wnter-Surrrtct .Kicvlltlons I 

,- I ... Dilf<Ro« I 
IUO-YR - 1 . \VSl:L (ft) ~Pf!!!ed-l:.l.i,th~ 

I f'I'DJI5 s~:<:fi~ F.d~tiu" --t-tr(IJ)(I~('d (fl ~ 
14886 ll9),;& I__}IOH-;-- 1 - 0 

J_ I·Cil -l---!Utl.J.& ).Ull I~ 0 _ 

~ 137~0 --~---)1 71,')~1 - 3t1t.94 0 ~ 
13\'J':' :\16ttl_l--+-- llt\l A7 T- 0'---

J lls!,;__l_ _m s.9 ) IS5.9 o 
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3114 .. ~ > . -· 
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309S-07 lO!Illrl 

3092 12 3U!J2. 12 u 

u'----

~ 
-8.656 ,o~~LU9 30llti.09 0 

J---1'41,_,_4 --t---"'10S4.l"'!-t-----I:lO~H,_-+--~-O.SR -----1 
._ _ _ s"'1"'sz }01>).75 xm oo; -2.69 

7':J97 307~. 11 J07U.8 -4.9':' --
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10.\l.ll _ ,_o ---1 
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(i223 l .lOJJ. IJ 
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' ASARCO ~!.,.ioo c_,~ox 
Pi1o;:, County. An~ ___ _ ___ _ ___ _!?r:1in.1.a.:: Repo11 

The Jluw \'Ciodti~ in 1hc clwu•cl were nho cumpnrcd (~)r tho IO·yt:ar und 100-yetu' cv~ts. Tnhlc 16 
sbow.s the compari:w..IIM of lbe IO..ycar chalutd veloc:u~ while 'l'abl~ 17 ~how:s lhc e()mparisons of~ 
100-year d1At'Uld vdoeni..::s. 
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" ASM<.'O Mi~liJOn C\)ll'lpJCX 
['iml'l C()ls•tty. r\ri71)·~"::." __ 

~ j- Table t6. <-

1 

:owpadOJons bf ~r < :hj'wd :;::: _

1 IU-¥R - ';'j'!!' CI!2L. cr(Pr(lpDGd-F~'i$ringJ I ('ms;s Sect/(m Nd:~J'Iin • l 1YOJM.w:tl ..--fit~)_ 

t :!:~~ ± ~, 1~1 ~ ~ ~-J 
12!SM , ~ ? ~s-~ ..,...---

. 1252"~r 9.4~ w.- o.o1 -1 
1 _jj23Q ::.__:::r--_ ~:;;--! -,.Q, 1-o.o1 _] 
U::2018 1!.09 lAO!' -4l.IJ4 ~ 

""!0 I 7.62 I ~ - o},:7 -r-- llb.·1 S.ll~ 7.19 £ I.~ I r- 1136~ + '2• 6.?4 2AS _ 1 

F 
1112~ _ 1 . .s~1. 1 1 _ -f1.3S I 
~~~ ~.93 .., !i:!-~ r -2.41 

lU~()I} + '! ... ' ~ ---=c-: ----:3.Qi j 
_ _,1o;, ~--I .-<» 

1 

o.n -u• 

I Hnn 2d2_ ,_1. 1~~ -= · l c:.9"!'--

~ ·;::: I ';'R: ~Q3c-=Ec ·-~" 1 
1 -- -'-9,,_-n. R 61 ~u,2 o _ 

9268 _, _!1.4 IU I) --i 
L Ql19 -W !::--t- IU7s o" _, 
~ 9100 II~ ll.!2 __ _ 

8922 J 9.39 9.29 -o. 1 I 
I = 8(i5(, ____J_ II 56 l-11.1:l 0. 17- -1 
LM14 IQ.I l- 9.:\0=r- -(),74 -

b
si~2:---Ln.2~ 95; -L'J --1 
' 991----=r-1061 ~~·l?=r -U ~ 
':911 10.49 ~."\6 · 1 ",1-"~--

r :7)6 -1 ~J 9.:1L_ - - lj) ~ 
:~ J:::!l.i~ ~.!3 ~ ~ --1 

_ 74S.S -+II .~ !i.U3 ·6.03 

?317 lo}.9J 9.114 - IJN j 
7054 9.67 j_ M l t - 1.06 

66~4 =-t10A~_j_ - 10.44 0 
1 - -"6::,457 12.89 12.89 - -0- -~~~ 1 r 622J 10.SL1 l U.56 ~ o __ 

5998 -'---10~ 10.:' + 0 
L 5g42 -+ r1.2s [_J'u ... _ -----:oo_.s~~ -j 
I s;34 •o-"• 1o-<• I 
-~ 

JJ 

RCC-CW010051



ASARCO firtissiva Cortipivx, 
Flina Cooliry, Arizticia  D]§ nom Rtpurl 

l'ablib Comphristinz of 10-Year Chnuncl  Dina 
  f Proy Viii-L:'thaingi' 

C1,055- Sectittel 

5631 

5342 

4967 

Eximing Propohyd  (.114j. 

.9.68 41.02 

10.6 L ID. .0.07 

45.55 

L 

4261 

40013 

3672 

  3333 

3121  

2820 

2522 

R.59 

10.11 

9.g3 

t4.04 

10.76 

9.9? 

10.11 

12.25 

9.71!. 

-0.35 

10.67 

[0.19 

12,72 

2192 

1R64 

-D.55 

0 

-0.05 

12.17 

11.32 

0.22 

1 .06 1.1.55 

13 XI 

I2.88 

907 

10.79 

1036 

12.19 

10.2R 

10.32 

7.84 

R. R5 

0_02 

.1 .4  I 

-1.51 

-0.69 

-2.95 

10.4.9 

6 L3 L I .05 

35'5 R.54 

171 10.24 

69 8,0 I 

S.61 

-4.7 

-1,43 

34 

v.95 

R9 

0.17 

-2.3 It 

1.41 

.3.7g  I 43.77 
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• A.SARCO t>.·hssLon Contpk ,, 

Jlitn:) ('.<>umy. Ari,.eo::""'--------------------------'-f::.>'"::.;::u<.i"~"•-"R::.•~'<!O·c::.·<l 

Jnhlc 17. c .ompunsou~ o 1 0- ·thr f 0 y c 1\' I I I bauue ·eoc l es 

Di.f]iwnr-~ 
100-T'R v~~/,~ir,· Ui i.<J (Pmposed-Exi.ftill '") 

Cttn>s Si'ctit~n £.x~·lln1!. Pn.ptPJ'<~tl (ftl') 

2799 1 ~L4.t 8 42 0 
2790 1 ~L02 ~i.02 0 ' 
2782.Z -: 3·1 ~ .. )4 0 

27'22 ':1.1~ ~.IQ 0 

2759 1 l l.l8 11.1 $ 0 

~ 
! 750R 9.02 ~.'J2 0 

2?HO 7.()(, ': .45 0.39 

27 175 s. ,.~ 5.42 O. ll 

170R7 ~.06 4.8 1 ·U.:?S 

267-B 6.H 7.1 6 0.91 

26456 C..!.) 6.41 O. IS -
261 '!7 5.6S fi . I (IA2 -
25876 ~. IJ!} 6.:$2 1.43 

25463 lU I 9.79 I u.s 
:?5131 95 2 9.4~ -0.09 

24739 5.94 ~.65 ·0 .2!) 

244 18 3.39 3A1J 0.1 

2•1131 7.2Q 5.R5 ·1.44 

23737 ~.2•1 4.111i -o.ss 
2.U23 ':'))2 1 L6 3.6S 

2~2)8 12.2.) I:!..Yo 0.0:1 

22')1J 12.61 12.86 0.25 

21507 8.57 ~U4 -0.03 

21 15.\ 12 .6~ 11.67 0 

I 2 1855 12.4.' 12.45 0 

215.!!2 13.84 1~.8~ 0 
' 
r-- 2 1229 12.5 12.5 0 

20936 9.97 9.97 0 
2064). I :!.83 12.83 u 
20250 9.6? 1U.79 1.12 

I 
19SR1 9.2! 10.46 1.24 

194.\fi -U!I 10.9.' ~.1<1 

ISQ!J 6 .. ~R I 1.7':1 .'U9 

IIS55!) $ .17 10.86 2.69 

I 18196 7.7 1 9 .58 1.87 
1793~ !!..62 9.9'7 1.35 

S~l{'ntbeJ 2U I 5 
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;\~o\RCO Mission C-omplex 
l'inm Coumy, Ari7.nna Urainagc Rcp .. ,.,rt 

Table J7. Comp11risuns uf 100-Y~Jir Chaunel Vtlocitks -
Dij/i!rent4~ 

100-rR l·id(Jci~· ({j/~) tPto Jl).(4,d-&·/,\·lhr;Q_ 

C.·o.~~ s.wtliin I!..'I:Atin ~ Prono.<eJI (Jl4J 
l':-JS5 9.JS 9. 11t 0 
J69t5 10.21 h}.22 0 

1M 10 10.21 10 .21 o) -
16294 9J~1 9.84 I 0 

1.5754 9 82 9.S2 I 0 
IS2S9 HUt 10.11 I) 

14886 9.35 9:3~ 0 -
14217. 8.26 !L26 0 
13':'50 !U:! 9.12 0) 

13 197 10.62 IO.fl2 0 

12864 11.11 I I I I 0 

1-- 12.525 9.<1 1 9A l 0 

122}9 9.6 2 9lr2 0 
11078 9.1lt 9.18 0 ' -
I IRRO :.e>S ., .79 0 .14 

11627 J(J.U3 10.4 OJ7 
1136~ 7.96 1.1.07 S.ll 
1112J 9 .27 2.22 -7.05 
11)859 •1.1 R 1.0~ -.). 13 

10700 2.86 1. 12 -1.74 

10.520 .!.61 1.67 -0.94 -
10:)7.:!. 4.31 :!.35 -1.96 

1(10~ '! 9.92 I 12.36 2.44 

9195 12 I 12 0 
')511 11.42 11.<12 0 

92(>$ 1452 14.52 Q 

917!) 14.9 14.9 0 
91()0 14.5S 14.~8 0 

SQ12 I~ 11 13.77 Q 

8656 16.03 16.63 0 

:S4 14 13.77 12.67 -L.l 
I ~152 13.39 11.95 -U.44 
I 7997 14.1t5 11.72 -2.13 
I 79 11 14.70 1Z.SJ -1.9 

'l'Hfl IS.O!' 12.88 -.!.19 -
'7.<i6(, 14.88 12.74 -.!.14 

'7·155 I 14.58 7. 7!) -6.79 

Scprcnrher 20 IS 
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• ASARCO ~·ti::::ion C'otopko.. 

Pima Cnum . .;_y,_, :.:A:..:ri::;z•:::"'=·'-------- --- - -- Drainage Rcpm1 

Table 17. Cownarisons of JOO-Yur Channel Vclucilil~ 

l>iJft~rt:nl.'l! 

100-J'R Vdoc;n·tfb~) (PNJpQ:-l<~ll-£,,·,'i!J'!/IIg} 

C.·o:<:( St!,•tion E.x;,\·t;n • PI'ODIJI!J'etl (/t!:J) 

7317 14.95 11.1~ -.u.z 
?054 I ."L~f, n.26 Q 

' 6684 IZ 59 11.59 () 

I 
M57 1 :?.6., 12.67 0 .,., ) ' _ ... ) 12.55 12.55 0 

$998 14 .. \:1 1<1.52 (1.19 

5842 15.45 14.R' -0.6 

5734 12.!> 125 ·OA 
,<;(.,) I 12.09 13.U'J 1 

53~~ 2 1.02 1Q.16 -1 .26 

496':' 1:!.3J l l.1.S O.S5 
455.<; 11.96 11.3 ·0.66 

421i1 12.1 12.1 (I 

40•)8 11 :29 11.07 ·0.2:? 

36':'2 12.06 12.26 0:2 

.UB 1.3.9 1 IJ.S1 ·U.l • 
r-

}12 1 12.?S 1l .74 ·0.04 

2l'l:20 15.5~ 1) .. 59 -2.96 
., . ., ., 
-:1-- 14.1:? 12.J7 -I. 7~ 

1 192 17.91 15.45 -2.46 

1864 11.0 I 11.:?9 0.2~ 

15&4 IS 91 IO.OS -KR3 

1330 1 :?.::IS IU.93 -1.95 
907 6.1 5 11).53 - U o2 . 

613 12 02 9.9 -2.12 

355 11 A'J 9.:!& -22 1 

I? I 10.96 8.61 ·'2.35 

69 IO.S8 8.57 ·2.31 

5.0 SEDIMii.i'iT-CO.YI'INUITY ANALYSIS 

The .\l'i~~ion Cumplex diversiun t:hann~l~ an: rt:httivdy sl~t:~t wash~ capabl~ uf Lmnspurtin:.; saml'l, 

grovels, cnhhlc..'l, l'lnrl dchri~ durin.t; a typ ical Onud event. 

A cunory scdimcnt-continuit..y cvnhmtinn Wl'IS conduclcd In scmi-quanlital ivel~' identify whnt the tr-cnrls in 
bed-protlle chaug,..::s along the study rc:lcb cC~uld be c.Xpcctod. 

Scp•cmhCI' l(l l :5 
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ASARC() i\fi$$ion C:,)mple.x 
Pi.O~ti County. /uiw~1 

5.1 St'diment Gradations 

t-:xpc.ricn¢e h.1.s dk.tatcd that for similar washes in Pima f'<,umy a good assumption fOr the mt:dian pnniclc 
diameter is appr\>ximatdy 2 millimetc:n; (050 = 2 mm) with a GJadatiun Coc:fficient, ( i, of 5. fot thi!> 
study. siuce nu data fe£ilrding sediment ~daliotts \\'tiS •·w..-,ilable. this ilssumption was oousidered valid 
li1r a CUI"SSlf)' sedimt.'1lt-c('lntinuity evah•atioll. 

5.2 Transport F1tnctiou Selection and lbting Curve Oc"·eJoproeut 

The sedimc:nt-tnmspot1 equation select~d was one developed by ZciJc.r Md Fullertlm in 198fi for 
:;pplic:ntkm to sand bed clk'U\.Ueh ill arid regions, um.l pm1ieu1nrly i.o sotltb.·~l'll Ari.cotw. This sedimcnt
tnutspC>11 equation was $d~tt'J bo.:ause of the strnightforward appHcal>ility and ~apahilil )' uf the tlser to 
detenllint- 4lWnlitative valut:s uf the hydrsulic variables iu the equatiun. 

'(he Zellcr-Pullertol\ Sediment-Transport Eqwniun is: 

o.oo64n' "v• '' c'·'' . 
Q - I·~ 

• - }'\l.:Ot1[) 0.61 .: 

;, ~·· 
Wh~re. 

Q4 = Uubulkcd s..:xl iJU~JU tf imSp011., in t.:ubic ft:t:l p::r sc:co~1d (cfSj 
ll Manning n-\'alue 
V = ('hsn.ncl v.;:locity, iu feet/second 
(i = Uradatiouoo.u-lkieut 1:2(D~.::D,r.) "*- 1:'2(T)M:T>;I!) 
Yt~. Jlydr~•ulic dqJth uf Row, in fc:cl 
D.su M~dian diamelt:r <If sediments, in 1\tillimcters (by weight} 
W., = F:ff'eetivcwidthofflow. iut'ect. 

5.3 Sediment-Continuity Volumes 

The ptoj~ct was sc-p;m.ttc:cl into 12 sulrrc:achc:s based on similarity of hydraulic prup~rties (Tahlc 1 $). 1n 
ordt-r tu evahwt~ the ~c:Jimtml halance, the: sediment mting cuf\res lOr t-<1ch sub-r~ach wns multipl.icd by 
urdinntes uf the event bydrograpbs in order to d~t.etmille a lotal m lume of sediment tr~usponod tOr each 
time step. . ' - I ·r hi J 8 ('hanueJ St J>-.Reaehes 

S ub-RI.'M.b I l'rom l'lliC-RAS Cross-Scttit·m: Tn HF.C_.KAS <..:ross-Section: 
I 27508 27991 
2 24D3 27.\JO 
3 20250 23737 
4 JSJ96 -19882 

5 and 6 12525 I 79->X 
7 aud 8 9795 - 12239 

9 622:\ 9512 
10 4008 S??S 
11 2192 367Z 
12 6? 1864 

::i~terubc:r 20 15 
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• ASARCO ).·~i<..'U C'ott•pl.,:.o. 
Pima Counly. Ari:ton<l Dminagc Rcpo.i11 

·r·hc up:->trcam ~upply i:o. gt'net~dly talxll as the upsti\~Jll supply to the cmirc pro)cct reach. Summing the 
ordiftatcs can pro,·idc the tohll sediment tnmsp~>rtt'd U\·e.~· th~ :..eleded evenl. E<\Ch J\!:aeh could then be 
compared te:lch to reach. lf the tota l supply (upstrcnm ~uh-rcach) is gn::akr Lhan tht' l ranspurt capac ity uf 
the suh-rt'i.ICh or iutere:)t. thl.": S\lb~tc<l,~Jl is classi fic;d <'IS :.ggnulatinnnl. H<lWCVCr, if I he l(ltal suppl}' is less 
th:m thc-•nmsp<,t1 capacity. tit~ suh-r~ach i:) dassilied as dcg.radatioo.-.1. Typically. this is romod by size 
thciiou; h<:~wc\'er, without il \'ulid ;.,"T<u.lati~m thi::.<utalysi:) w~t:) completed OJl a uet b:lsi!> \Vithom t'e~at'd tOr 
.si:toi' das!> or sodilucut. Tllis limil~tion was cunsidered udcq_ualc fur the lt'Vt'l ~)r llctHil ur this :o.tutly. 

5.4 Sedimeot-CooLinuity Results 

Oased on dtis limited detail cvaluntion, 1m 1Jpprmcimate avera;;e <tKI.~mdatimL:Jt'&"Tadutiun deplh for ~uch 
sub-n:<.~ch can be COlllJ)IJtcd by dividing th~ JggrRcbuiun/dcgract~tion \'ulume hy lhe suh-r-cHeh length times 
us avcmgc width. f or th~ plllvus~s of this smdy. sub-reaches 5 .-.nd 6 .-.ud sub·rcach,".S 7 aud ~ \vcrc 
combined hascd <'n their :o.hu rt sub -rt'o1..:h l~n~tl.s and similar hydr:luHcs. For this ana1ysi!>. :l s~diml.":llt· 
eoutiu\lity cvaiU<ltion \V~s oonduetod fur Lhe design ev~-m uf a 10-y~ur Unud. and resul ts arc sutmnt~ri :t..etl 
in Table 17, as shown bdow: 

.. . . . Table 19 -Continuitv Analysis RcNuiiJi 10-Ynr lh·cnt 
Continuity Analysts Continu.it~· :\l)al~·sis 

C~tpllcit)· Loads A~l'lldl\tiou/Des:radationu 
Sub-Hesc:h (tonsfc\·cnt) (fL'<t) 

I 1.492 0 
2 ~.47S -O.On 
3 9.692 -I.S? 
•1 7.358 0.3 

.S ~md 0 31,149 -0.78 
7 and S i 1 88 1 3.84 

9 I 26,433 -4.6n 
10 I 27,:11)(1 -0.2<1 

II 275 16 -0 .03 
12 25,001 0.59 

' -Assumed m:.xmmm hulkc:d scdun~n• unu we~:;ht - 130 lh·..:u. fl. tUSDA, 1 9~3) 
lK(>lC' that as~um.iug a mio.iumw bulked sediment unit wc1gh WO\Ild have th~ cftCct of amplifying 1hc 
:.ggmdntinn:'de,b.'n!daticm amounts but wuuld lll>l chao,gc--. lh~ Jclati ... ·e lr~nd. 

The- re.<~uhs show that Sub-rea.,;h 7 and S couJrJ coutittuC' to ilg~rad~ wl.tilt' tl1~ :>y.sl~m itself <•ppt'ms 
pnmnrily dcgradatiumlL This is C(•nsist~nt with the lucali~m urth~ t'xistin:.; basin lm:ated upstre.am uCTSF 
6 & 7. Historic-1.1 obscrv~ti (lllS, ns de~rihcd hy \.fis!'\ion Cumplex: shtff, suggcst thnt this b:1si.n area is 
JUutiuety mainl:liu..:xl due to the ac..-:uwu~tion of scdimcuts. 

One liJuitation of the sedimenl-cnntinuity appmach is that stalic hydraulic da1.<1 ba.-:~d un Lhe existing· 
.. xmditions hydmulies w.-.s mod as the basis for ml:ilysis. Smcc the proccdt•rc dQc;s not account tbr 
ad,iushm:nts in hydruulics and becl-malerial ~.rad.:.tion as lht' d1o.\nn~l r~sponJs w ag1:,'T<Hhniun imd 
dcgnub.tiun during Jl-'IS:•mge <'fa Oow event, th~ analysis is mainly useful for detcnnining: ~JIJlr<l>: imntc 
vnlucs and tn.-nds, ilS oppo!'\ed lO the uctua l ma~o,'llilutle uC channel bcxl-d~vati<'n adjustments. The 
aggradatiun nnd degrad.<1tion rc::.p<m~e dt'tennin~ frmn a s~iment-e<mlinuity unalysis often <wc:.r-prcdiels 
the <'ICtu:tl ch:.nncl rc!'>pon!'>e to the p~ss.'l~e u f ~l Oow cwcnt. 
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J\S:\RCO Mtsston Gomplc~ 

Pima C.:":~Uilty, Al'i?On~'------------------

This ~cdimenl~minllhy an;'llys.is primarily ideoti (i~s a r~w locnLiuns, specifically those duwnsl~m uf 
Sub-rcac.h.::s 7 and 8. wher~ a lrt'u<.l of <.le.t;radation could eomprom.is\: the toes ufTSf 6 & 1, in addition to 
any w\de.rground infrast ructure' lt)Calcd wit.hin this r~¢h of th\: Jlt'O.k"Ct. 

6.0 Sll\GLE-EV£NT SCOUR A:>IALYSIS 

Single-event scour is typically computed as the sum of gcncr<tl scour. bod· form depth. }()w-llow channel 
iJl..;i~i<m, lued.l ~~,;uur, ami hend sc<lur. The following subsections de:;..;,;b~ the estimntion of each of these 
c<lmpnnt.."'ll<~ of single-event scour as applied to the t.l~i;.;:n llow 0 0-ycnr event) aud the reg·u1ah)ry O<•w 
(100-ycar eVCtU}. 

6."1 Gcncntl Scour 

The ,gcmcnll scnur cstim~tcd f:ly the procedure in this Mx::tion i~ lucali:tcd ~md is a tcmporrU)' tOnn or 
clumncl bed degradation that typicaiJy o..;curS dlUin:; passl:l~e of a single tlood ¢ \'Clll. The «tU<~tion is 
i.tUet\ded to pi\)Vi..J.e an uppc:r lirnil un I his pntt."'lti:tl form of soour. h does not r~prcsent dcgmd.1tionthat 
can uccur <IVl!r I he l<lng tcnu :-~s ~ rc'>\lh of a comi.tm..-d sedime-nt ddi..:it, .such 1-ls wotdd occ.ur dowtlstreant 
of~ dam. Jt is reasonable to assume: that ~en~rnl w uur pruec:;.scs \YO\Ild 1>.:: SU'Oflg,i)' cun~lat~d to the unit 
discharge (J(' tlow within the dmnnc:l of an <~llu,1al w:~tcrcoursc. 'l'hcreJOt'e, for purposes uithi~ document 
G~u~ral Scour, 7'\,., has heen qunntifwd in terms ofun.i~ d isclk'ltge. q .• ~tS shown below (Telnt Toch, '201 t): 

z, = 0.293q ;.; [q "" -1.073] 

Wh~~: 

Z'~- Genc-r;tl :,.cuur dq1lh, in ICcl~ 
q = Average pc:tk dtsclw:ge per unit \Yidth of the chal'lnc:l, in ..:fs:'fl. 

Jt is noted that whcu general scour i:. ..:~)mpulecltu be Je..,.s th~m 0. 1 feet, by dcfauh it sbouh.J be: o.1s~urntxl 
thm tb\: geJleatl SCOIIJ' cotttponenl is ~quo.1l h> 0. 1 (i.e .• if 7.:.. < 0. 10 feet, assume Z;:. = 0. 10 JteL}. 

6.2 8ed-~·orn1 Oepth 

Pur lhc purpuscs of ewlluat.ing :~n upper envelope for f\:JllPOI'at'Y scour t1tat can tx:.cur during the pass~gc 
<lf Oond fl<.n\·~. diffcrcuti.1 ts in streambed gradieot a:;wciatc:d \'t'ith channel bed forw~tious w~t\!' 
COJlSid\:1\XL BOO (buns are a s.e:x;uud lyp~ of scour lhat can <lecur in s:;. l)d·b\XI ch .. 'l.Wlcls during " Jluod 
'i!\'.,. lll. ltt order to t\·alwtte the maximum sln:amhed changes during the passage of a siogle lloud e\·ent, 
twu main hcd forms, dune.<~ or nnti-ctuncs, were cotlS.id\:ocd. In g..-n..-ral, dun~ typically fonu in IO\VCT 
regime fl<>ws (highly subcritic:tl), ~ud anti-dunes develop iJl uppo::r ~imc: 0<lWS (at or oc:u cJitical), 
J:ssCilli.'ll to properly charact..-ri:t:.iJlg the :,iu.~,tl~c:v~nt s..:our, a dt:lerrninntion of upper or IO\Yer llow regime: 
was tuade, ur.;ing appliC<thle dt<~rt.'l (ASCE 200tl). 

'11le bed-(Orrn ~..;our COOtplm~ul in upp~r re.~im~ llnw is custumnrily considcl\."d to be on~halr the- anti
dun~ height, lf~Jnt ..:n:sl IU lmu~h as shown in lhe cli:tgmm ~clow, but CaJUtOt exceed 1:2thc: dt'plh of flow. 

Septcmhcr 1015 
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' .. ~ARCO Mi'):'):i~m c:,)mplc'( 
l-'Uu.<• Counlf, ;\JIJ,(,•na 

Figut·c 4: Bed For m Scour Sc-hematic 

Tlased un thi~ rdatil)nsbjp, the tbllowiu.g equation was dcveklped for upper regime-flow (ST .A I 9f<2): 

' = 0.0137V,; 

\\.'here-: 

G - g~avitat ional a.x:clcrntion, i.n ft/s1 

V.,, = tvfedian vel(n:ity, in ll/s 
/ .. = Anti-dune scm.tr, feet. 

Similarly, for lo\vcr regime Ouw, nne-half the dune hr:ighl, Cmm crr:sl lu lmugh. is lypica1ly used a." I he 
bcd-IC.rm scour component. T his relationship is represe-nled hy I he fnll()wing equali()n fnr lnwcr regime 
llow (Julien and Klasl>ett 1995): 

\1.3 

z. = ~ (2.5Y)( ~"' ) = 1.2SY'' ' D,•''' 

Wher-e: 

Y - How depth. i.u tlx-'1 
o~.: = f\•fc:dian pmt id e diameter, it't teet 
Zo = Dune soo\lr. feet. 

It \-.. .. as detC(IUillcd from th..-: channel hydraulics that for the p\1rposcs of this. Uw..-:stig.'ltion. the conditions of 
the entire Proj..:x::t reach can be consid~r..xl as containing upper r~gilll..-: tlo-..v (Tctra Tech 2009). 

Sep1etob~r 2015 
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ASARCO Mtsston Complex 
rima County, Ati7.o:ma 

c;.3 Low-J!1ow Channcllnd;ion 

J>rainsg.:. Rcpnl'l 

Ltw.:- Jltm: chilnnel incision is the fonn .. 'ltiou of a low-llow channel within a main channel in which low 

disch~rgcs aro carried, Thetl! il> no knu ..... n methudolngy for predicting low-tl<Jw incisi<m ck .. 'Jllh. If dlc 
pJ\"SCOCI! of ato .... ·-Oow thulw~ i ~>~ predicted, it :;:hould l:lc assumed to be at Jca..;t 1.0-fhnt deep withio nou
l'e~onal (Jo .. ·;.tl) w<JtCC<Jurse..;, unit':"<~ ficlrl obscr\'arions indicak otherwise (7.cllcr IYtil). It wa$ 
dt tt'rmind. fiJr lht: purp<,ses <'f thts in\'cstig.Miou, thou a low-How inci ~<ion could develop 0\'er tim~. 

fi,Jinwing prOJXlSed chaJ)J)cJ improvcru..!ms. ·n.ert'Jl,r~. this term was e<.msidcrOO equal to 1.0. 

6.4 Local Scour 

T .(>e»l scnur is ('bse-rved whcucvcr an :tbl'upl chaug~ in the direct inn uf flow CXlCtlfS. 

6.4. t Overfall Scour 

lAICal se<1ur ilL drops will only \lccur on the downsul!am side of hard cnntml pnint.~. such as grade oontml 
stmetures. L~l scotu at drops usually o .. ·t:ur.s when l<'llll·te.rrn degradation is manil~t immo:Jiiltcly 
below a hard c(Jutrul puint, and Anw is for.-:cd to pluugc over tb~ ~acle sepamtiun. This scenario crcat..!S 
atldititmal l nc.'l l i:~ed scQur in the iuuucdiatc vici.u.ity of the. drop. 

(.irl'tdC-<XlntroJ stnlcnll'es cnn b~ha"e as either frct:~werfall or sub•n~gcd Sh'll..:;t\IJ~. :'\ccurdin;;ly, the 
proco:dlu·es lOt• computing scour bduw t:ilht:r n froe-ovcrf:;ll_l (Z•d) or a submerged drop (7.w..) are pn..."5cntcd 
bduw (COT, 19R9): 

For t!o:.,;-,.ovet·tau (h:Y.j ~ 1 ). Z. =I 3' ''·"(H )""' - l' ·~-( . ... q.., : d 

1 \ l•.~ r.• 1 \, .(IJ.•,t 

f'or .submerged (h:Y,; < I). '·.• .. - . )('1 q,. . . '/ - (I -.- ( ,,, ., l.!!.._ I 11 - .!!.._ I 
l'd ; , Y,.. , 

\Vhcrc, 

zi>( 
7.;~j 
q, 

)i, 

h 
y, 

= 

= 

Dt:pth uf SCilur hclnw the sr.n;~mbcd downstream of a free~v~rfall drop, in feet; 
Depth of SCOtlT below the sttl!aml>ed dowu .. .;trt'am <•f il submcrgOO drop, iu feet; 
a''erage pt:ak discharg~: f>l:l' unil nf width o f the cllitJ.UlCJ duriug the 1 00-yt'ar Jloud 
ta,·em.~c: Q:T-J<,uum width)~ 
Total drop in b .. "ad. measurl!d fium tlte upsl~mn ener.t;Y c,ontdc line to tho downsU\".<''Jll 
euet·gy ~nd~ line .. io ft:t't; 
dtt)p heig.ht, in ft'~t; and, 
Ouv..nstream dc:pth nfflnw. in feet (i.e .• t:~jtwalcr depth). 

Note thm \Vhenlt .. Yd is > 0 .85 the SCl)ur should b~ cmnputc:d unfk'f both frvc·ovcrfaU and s.ubmer~cd 
con..Iilions, and the smaller nf the lwu shnuld t.c t•sod for design ptltpos~s. The :;;;uur hule creatOO 
irrun~i<Jtdy bd ow the dr<'P will extend t'hr n d i);tsnoc of Ls with a parabolic sh.ape, wh~rt' the-maximum 
~cuur d~:pth can he:-c:xpL"Cit'Ciat n distsncc of Xs dowustrcru:n of the dJ'Op as pr~sentecl bd nw: 

L• = 1 2(~Jst). or 12(Zis&) 

Xs - 6(Zist). or 6(Ziss) 

42 
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:\Sr\RC:O MiJ>sion Complex 
1•Ww C'wrtlf, A•i,.('>ua Ora.inage Repon 

Wiler~ ~II tcnns arc as previc1usly deli ned. 

6 . .5 Rend Scour 

l;lcnd scour t}·pically uei:un> alun~ th~ ~)utsid.e or bends ;lnd is c.aus ... "(l by spil'al, traJ~v.ersl!'. ~.-..u ri!' !liS that 
form within the flO\Y ~s the w<~ lcr moves lhrough lhe bc:nJ. ClUrc:ntly, lhere is no >'in;.tlc: pn)l:cdure that 
will ool•l>iStetUiy and accuratdy prcdic~ bend sco1.1r over a 'vide rnnge uf hyrlrnulic i:nnrlitic,ns. Hc)wev~r. 
nn C.'(JUnlicm ha,_ bcc:n devdup~ fOr ~stio.ath~ bl!' t\d SCO\l! iu saud-bed dl.alUldS basod ou the aSSllll\Pliou 
of the maintc:nance uf ..:onstaut stream po wer within the cltJJUtl!'.l bi!:Ud (COT, 1989): 

v ...... -

a= 

BMd-s~out component of tot<t1 SCO\If depth. in feet 
fvh.x.imum depth of now iuuuodiatcly upsttcam of bcud, iu t~--r 
f\•faximum vdo..:ity of n~)W immcdit~lt:ly Upstream ufbend, in fc:c:l pC:f l>~..:OI\IJ 
.Maximum hydrnulic depth uf Oow immcdiatel)· upstrc:ilm of heml, in feel 
rvtax.imum eracrgy slope immcdiatdy upstream of bend (or bOO slo~ tbr Uititbnu-tlow 
C()ndilions), in fcc:l pc:r li.Kil 
Angle tOrrncd hy lhc projccti()n of the chmmel centerline fn,m the point uf cur\'nmrc to a 
poi.ot that ml!'l!'ts a Jiuc taug ... "m to the outer bau.k of the cltamtcl. in degrees 

The bend scc,ur shuuld ht: asswnOO w be: zcm Ji.~r bc:ml" "':ith dc:ll..xtiun anJ;Ies less thun 17.R dc:grt:es. This 
projCC( is fui rly stnught; h-owever, some channel curv;nure exist...: in seveml lncatic,n$. In these loc:Hions, 
b~Jld scour was. computed for inclusion in thc. u'•~ l scour c.:c1im~tcs. 

(;,(; Total Vel'tical Seoul' (Single Ewnt) 

Tutal \·erti~.:<•1 :,.emu· fur a single ev..::ut is computed as the stun of ge.uetal ~0\IJ', b«l-form {auti-lllme 
tmugh) dc:pth, t~)w-n~)w dJmu1el iilcisioll, local sco·uJ' .• and bend soour. 

\\·1Je-t-c- all terms arl!' as pr.zviotlsly dcfutcd. 

Table 20 shows the rnax1mum rot.1l single-event scnur computer! for the Projoct n;ach lxnh for th..; Design 
10-y~r event and for the 100-year event. 

S~pt~mhcr 20 IS 
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A~ARC'O t\.hnaun CumpiC'.'<. 
l'im.t C'uunly, ;\t120na Dr..tma.ge Repot1 

lklhJ Sco•r Sam of 
n at.... lkl>••· 'Iolal lk!>tL 

~~f)~ ~~I=1(117i··=t-z.-71'"":~".3~·I,Z.~ 
-1- 1.4< 

~lJ O.l6 ~-t~~-~0.00 
~: I 

'· :------

~ 
_ f?.!5U 

Seytember 2ll I 5 
44 

RCC-CW010062



~· • ASARCO M issiCin Complex 

('i.Jtt;1 C'(ll,l( l l)', :\t i7.o.) ll$ 

-
r.e-neral Bed-Form 

ITF.C· StOUI' (:\ nti-Duuc 
R:\S Depth, Trough) 
Ri·,.er Zt.~ Ot'ptb, z,., 

Station (fe;t) (f('e t) 

92 68 {•,g<: 1.7R 
9 1- 79 OAS 1.71 
<J I -00 0.8~ LS~ 
S9 22 0.76 1.':!1 
-i!fr-5(· 0.57 I.!~ 
84 114 (1.<10 l AO 
!tl+52 0.4 1 1.74 
7!) 197 0 }6 I. )fi 

79+1 1 OAO 151 
7 7+36 U.3!J 1.61 
7~166 0.}6 I. 70 

74+55 0.39 1.6g 
~:J+P U.30 I 1.64 

70 '-' '1 0 .47 1.28 
66+84 0.6 1 1.49 
fi -1 ' .'i7 ' 1.07 2.28 
62+2J t 0.64 l ~3 
59198 0.11 1.4(~ 

5S+42 I 035 1.74 
57+34 0.:!! 1.49 
~6131 0.2~ 1.28 
53+42 0.44 ).54 
49 167 OJ I 1Jl9 
45+55 •J .29 1.0 1 
4216) o.s; 1.40 
4(H)It 0.49 1.32 
36--72 O.M 1.59 
33 n 0.25 1.36 
3 1- 21 1.02 2.06 
28- 20 ().7 () ~.22 
2; 22 (J.&2 2.34 
2 1- 92 <.l.HU 2.Z7 
18 64 (J.~Il 1.60 
15-!W 0.42 1.5!> 

H .w {U.S 1.'15 
9+0' 0.3 1 1.46 
6+13 0.75 1.67 
~•5S 0.12 1.00 
1+7 1 0.20 1.44 
0•69 0. 10 o.~s 

Lo('al 
S('our 

(Drops), 
z,. 

(I'<'< I) 
7.8 .~ 

~ .08 
7.97 
6.99 
7.80 
7.10 
7.71 
7.9S 
7.94 
tU.3 
7.90 
7.67 
?.f1<1. 
6.1)4 
/ .43 
8.70 
? ) {i 
7.:r:" 

7JS9 
7.30 
'.OJ 
-:'.39 
S3 1 

6.50 
':'.14 

' .06 
'1.5? 
':'.':'J 

8.69 
9.45 
9 .':'0 

0.00 
0.00 
O.<X• 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.on 

. 
I Uend ~t·our 

1'bu1wc:g l h:plb, 
S tun uf I 

(:(IIUj)(.IU('JI I'S, Tuh1llkplh. 
Ucplb. Z.• ,, .. >Z· z. - l.JI,l; 

(ft·cll trc:cU <r .. ;) (ft•4,.'t) 
I 0.00 11.43 14.85 
I 0.00 I 1.27 14.65 
I O.OQ 11:n 15.15 
I 0.00 9.95 12.94 
I 0 O•l 11.26 14 63 
I 0.00 HUX) I 13.0 1 
I 0 00 10.87 14.13 
I 0.0() 10.90 14.17 

I u.oo 10.8 4 14JJ9 
I o.no II :B 1·1.,(j9 

I 0.00 10.96 14.25 
I •l.OO 10.73 13.95 
I 0.00 IO.SS l:l.75 
1 f))J(.\ !J.69 12.60 
I 0.0() 10.:).) 11.69 
1 IJJYJ 0.04 16.96 
I 0.()() 10.51 l .t~9 

I 0.00 10.1':' 13.22 
I 0.00 IU.99 14.2~ 

I o.on 1 0.0~ U .ll 
1 0.0::•1) 9.5'1 1.::.4' 
I 0.00 10.37 1~.48 
I 0.00 I 0.'0 U .9 1 
1 0.00 8.80 11.44 
I 

+ 0.00 10.09 U .l2 
I MO ~.!8 12.84 
I o.on 10.8 1 14,05 
I 0.00 1034 I U .44 
I 0.01) 1:!.'7 16.60 
I n.no 13.4) 1?.46 
I 0.00 13.86 18.02 
I 0.06 4. 1~ 5.37 
I 0.0(, .~.01 3.9 1 
I 0.05 M5 J .97 
I 0.04 2.74 1.511 
I U.8S 3.65 4.75 
I 059 4.(11 5.21 
I O.fo3 2.RO ·1.M 
I U.UIJ 2.63 3.42 
I n.no L9S ' .. -..) .. 
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t\.SJ\1{( .. '0 Mission Compkx 
Pim:. C'AIWlt), Ati..t~o!!:o'!._ _________ _ 

. . 
Gtumal Btd·Fonn 1.-M'al Total 

IU:t.·- S«Nlr (.\.nd~OII•t Sc-oor Btud Scour Sum or O.ptb. 
KAS l><plll, Trouah} (T)rflJ••).. l'haln..-g Oc:ptb, r'flfi1J,0Dt'ltb., Zo= 
Khn z.. Oe:p1h~ 7.w 7.1. Ot·pth. Zm ., .. :EZ. 1.31:7..~: 

S1ation ffettl (ft~Cl cr(·~·l) ifc<tl (f~tl) (fl·c:U {feet) 
~47 \Q 0. 16 ll.4N 0.00 I 0.00 l .fi .~ ~.14 
244-lg 0. 12 0. 16 u.oo I 0.00 1.28 1.66 
24 1 n 0.20 o.n 0.00 I 0.00 I.Q'l ~.50 
237-37 0. 19 0.)8 0.00 I 0.00 1.51 2.04 l 2)l 2) O.J4 O.!if• 0.00 I I 0.00 2.20 2.:~6 
231-Jit 1.0! l.OS 0.00 I 0.00 4.U1 5.29 
2~ n 1.12 2.1~ 0.00 I 0.00 <'0 55! 
22s- n1 0.16 1.01 0.00 I 0.00 2.n 1.1}0 

:m-31 1.15 2..20 0.00 I 0.00 .S.l5 5.66 
2IS s~ 1.09 2.12 0.00 I u.uo <22 SA! 
li.S-R1 1.51 !.62 0.00 I 0.00 3.1< 6.1\4 -212. 29 1.10 2.1-4 0.00 I 0.00 o• 552 
209-ll\ 0.81 LJb 0.00 I 0.00 3.18 

I 
4.11 

206 43 1.20 2.26 (),ilO I 0.00 4.46 5JW 
202 ~ 0.2$ L Zii 0.00 I 0 uo 2.57 .\ . 14 
IIJ8• H2 0.20 1.16 0.00 I 0.00 2.)7 3.08 
194 J6 0.26 I.(K> 0.00 I u.uo l. l\ ~.02 
IRQ+l 1 0.20 O.l~ o.uo I 0 00 1.79 2. \' 
1~3·l9 0.20 

f 
O.QI 0.00 I n .no 2. 11 

, .. -·' ';) 
181196 tl.IS O.SI 0.00 I u uu 2.00 ~.60 

119*35 (UI IJ)'» uoo I n.oo 2.l2 1.76 
-f,-i~ 55 023 l.ll OJIO I uuu 2.19 }.10 
ll~S 0.45 lA) uoo I n.oo l.!S 3.7-' 

i6fo:.oo ti5J 1.-43 o.no I u.uu HlCI 3.90 
I ,_2t Q-1 0 )t) 1.3) u.oo I 000 2.82 3.~7 

157+54 O.lS I 12 000 I 0.00 l.70 3.51 
l S:Z ig; U.32 1.40 n.on l o.ou 2.12 H > 
I•HU Rll 0.48 l.ilJ u.ou I 0.00 2.68 3.-19 
142+1~ 0.19 n.9J n nn I 0.00 2. 1\ -2.77 
117150 0.3) 1.14 u.oo I 0.00 2.47 3.22 
l ll+97 0.19 1.55 0 00 I 0.00 1.73 -

J55 
128164 0.32 l.61) 0.00 I o.ou J.OI 3.~ 
+~5+25 0.19 Il l 000 I 0.00 2.40 3.12 

tl2 n'J 0.4g 1.27 0.011 I 0.00 1.15 J.l8 
120t78 0..!:1 l .ll u.oo I 0.00 2JS 3.09 -
JIX•I<O 0.49 fl.M 000 I 0.00 ~.29 2.97 
~ 

0.00 l.Sl 4.l9 116 27 1.16 1.38 0.00 I 
IU-(.S 0.99 M7 u.oo I 0.00 :!.86 3.11 
Ill 2~ 0.54 l.IR 0.00 I 0.00 2.'H l 1.SJ 
1011-59 0.2! O.lA 0.00 I 0.00 1."6 1.90 

107 00 0.17 Q. ll o.uo I 0.00 1.28 I .(("f I 
lOl-20 0 .24 O.I!A 0.00 I 0.00 2.0A 2.11 

IOJ 72 0.48 0.25 4.4<) I 0.00 6 .14 ., .QJI 

I<Ml•57 0.99 1.)5 7.46 I ().(Kl 10.79 14.03 
Q71~J5 0.82 1.9i &. I& I 0.00 11.98 15.57 
95+ 12 0.6(. 1.79 1.19 I 0.00 11.!4 14.61 
92168 Ul 2.39 JO.Olt I I OllO IS.66 20.36 

1 
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ASARCO Mtsston Curnpk.-t 
Pima Coumy. Arizona 

- . TablE- ., I - Sunuuarv a t' Total SinJ:J t-1£\·ent Scour ( IUO-\'ur) 

I General u~:d-l'urm .I.Atl:-411 
HF.C- s~our (Anti-Uunc.· Scum· Ut·lld St'Ullr Su111 or 
RAS l>t>pth, Trough) (prop$). 'fbMh~'l'g lkplb, CUI.D.j)U.Q('ll Is. 
River z. Oepth~ z.,, Zc. lkptlt. ' •I• ,,,. L'; 

Station (feet) ir.,.,il (fl·t·U ir .. n Cf<:ct) rl·"'~ t) 
91 "'79 1.0.\ 3.(14 10.5:! I 0.00 15.59 
9 1- UU I ~·-.-< 2.91 lfU ':' I 0.(10 1.5Ji I 
89 n 1.os 2.(,0 9.7~ 1 0.00 15.(1(, 
8(.- 5(, I.J(, 3.79 10.73 I ().()U lUiS 
,!!4 ... 14 1.0~ ~.6<• 9.43 I o.on 14.06 
S i t 52 0.50 2Al• 9.22 l 0.00 13.17 
79+?1 0.95 J.02 105~ l 0.00 15.51 
79 ' 11 1.\ll'i 2.97 10.51 I 0.00 1.5.5-1 
77+36 1.07 J.ll IU.79 - I t•.W 15.')7 
751 66 1.01 3 .0 .1 10.10 I 0.00 1.~.1-1 
74+55 1.0 1 2.91 ~.19 I I lJ.UIJ 14.71 
7~ 1 17 0.19 ').06 9.() I I n.no 14.75 
70 15.'1 1.25 2.41 8.99 I 0.1)(1 IJ.65 
6fo+R4 0.85 2.17 ~.10 I u.uo IJ.12 
64+51 U.!'-5 2.20 9 '7";' ... I n.no J'.l.52 

I (.2+23 0.?2 1.1(· !L98 I 0.00 12.!S(o 
5~J I ~8 u.s1 H I 9.6~ I n.no J4.lS 

I 5S+42 O.?.l " " 10.37 I 0.00 15.)(, -·-' I 

57+34 U.75 2.28 ~.7} I o.oo 1).76 
511+3 1 n. 79 :::.oo 8 -;., I 0.00 1.!.52 ... 
53+42 O.X1 2.62 11.7~ I T u.uo 16.25 
4!JI67 0.88 2.08 8:.).4 I n.oo 12.2 1 

~~5 OJ~O I. 9(, R- 19 I (L(I(i 11.95 
42+63 U.6';' 2.Ul 8.61 I 0.00 12.2!.' 
401 08 0.5 1 I. 7:' lU I I 0.00 I L V: 
26+';'2 U.70 I ).!)!} 8.?6 I om 12.45 
33•33 O.'ll) 2.11:' 10.1 .! I OJK) 14.47 
31+21 0.68 2.24 !UB I 1) .00 13.74 
28•:W 0.83 ) )I 11 .69 I 0.00 16.83 
25+21 n.r. .~ 2.73 11.10 I 0.00 15.48 
21+92 1.67 4.39 o.ou I O.IQ 1.1 6 
18164 0.10 I 66 o.on I 0.09 3.4S 
15+84 O.S7 4.37 0.00 I 0.07 6.31 
13 130 U.51 z.:n 0 00 I 0.06 3 .9 1 
'Hl7 0.28 0.52 0.00 I 0.97 2 '7";' ... 
6- 13 U.53 1.98 0.00 I 1.06 4.57 

1-ss I 0 .. 19 l.S I 0.00 I 0.94 ·1.1<1 
1-71 0.35 1.65 U.Utl I 0.00 3.01) 
0 69 I 0.35 1.62 o.oo I 0.00 2.97 

6.7 Long-T crm Degradation 

'f (lUll 
0l'PI II. 

:£. = 
I.JI;l. 
cr,...:n 
10.27 
7.1) .2~ 

19.57 
21.'JS 
18.21 
, ., .12 

21}.17 
20.20 
21),':'6 
19.69 
19.13 
J9. JS 
17.75 
17.05 
11S? I 
16.7 1 
IS.5? 
19.97 
16.58 

1(·.:::~ -
2l.l. 
1~.87 

15.53 
15.!>7 
14.7S 
16.18 
1$.8 1 
17.86 
21.88 
20.12 
9.31 
4.48 
S.20 
5.0~ 

3.60 
5.94 
SJS 
3.90 
J.S6 

Cban.neliZ<'ltion of a wnto.>fi::OUI'SC or url>.'UlizatiOJl within a watershed can aher the- ~editnC'nt supply tu a 
wo.tten.:ourse aud .,;l'('('tl~ a discotUiuu.ity t'ehn« l to the s~dim~ul-tt<"u:mpurt Ci.lp<.J..:.ity of a channel. A::. a rcsuh, 
o ver the Jon:.; lt'nn, bed de.J.:mdatiuu can u..:cur unlit tht' dtannd h«< slope bcC(Jmes ·'shlhle." l.ong-tcnn 
rlcgrndntinn can then uccur undt..'1' the lwu cunditions: nnnuring ur stahlc slop.:. 
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,\S:\.RCO ).'f.i.»i<.•o Complex 
Pima Coum>·· Arir.ona - - - --- -------- -- O•'.'linate R~porl 

(t.7.1 Ocgndation ConCroJJcd by Streambed Armoring 

In the cas~ ur streambed annuring, the fim .. 'T !:>cdm1cnts a.r~ tt·ashed away l'~mrscning 1he slrt:ambcd 
,_urface. Ha~ on previous !:>cdimcnt ltlla1yscs coudu<:ted lOt' Piuw. Cuunty watercourses conducted by 
Simons, I ,i, f.t H'I As<:ocil'llC5. tb~ ;'IJ)prox.im."e 0 !1:.- pat1icle ~iz~ fi)r lhc: w>llen:<,ur.<:cs was oousistcully 
dct\!rmin.o::l w be approximately 13 mm (i.e .. slightly > l/2 in..:h}1• )JRC:S Wch Soil Suf\·cyt data available 
lOr the stud\' art"a imlicakd that f()r s~>ils con<~ist t.•nt wilh the wash bottoms seeo durinc the: site visi1 m'<l 
olhc!t' proje~.ts wi1.hin lhc region the l>;c fur rivcnvash soils (compri:.ell 1>f ~rrllvell}~-snnd) c..1u rang~ 
between 5 and 19 mm. As a result, tOr this :.tutly, lh~: f),,:, si:t.e fnr the \Vntcn:::ouncs uttd¢J· iovesligation is 
cousidt t\!d h) be I 3 uun. Tint.. .. , ba. .. c:ll urxm n<'w hydr.1uljcs. ,.,.hru th..:: anncwi.t:tg llimnt"ler for " 
walt"n.:our:>t" is computt"d tu he- 13 mm, m l~s. the long-torm ch.\ll.Ud d.;-grallation is prt"sumt:d lo h.c 
c.nnlroltcd hy $lTC;'lmbcd :mnoring. This caul>.': evaluated usiJlg Sltiehl." (n..:ipient !\·f<,liun cri lcri~ and {be 
fo llowing equation: 

r 
D =--•-<'•·ir.':.·•··· 

\Vhcrc, 

DcoH: d 

1, 
p 

• •V ,s 

' .. ! ,•· 

= Crit-ical Oiamctcr where p~n,iclc size is mobile 
= Channel Shear 
= Shield's Parameter 

= L.nit wcJgbt of sediments w.iJms uu.it weig.hl of v.·ater 

;\ cursory in\'~::.tigatiun idt:ntific:s I hal during ~l II). year ev.::n ~ and during a I 00-yeaJ' ~\'t'--Ul all part id e.'\ an:. 
capable of hein~ lnmsporterl, ami thus bed degradation WOtlld not bt contro11t:d by develupmcnl uf an 
~rmClr layer. 

6.7.2 Ocgradatioo CootroUt'<l by Stable Slope 

Whe-n lhc:n: are nN en<,ugh hwgc p.:nticlcs (> l 3 OlDl) witb.i.n th~ Slteambed. :.etlinumts tu annm the 
streambed st•.rfuc~. chatwcl bed d~gradat ion will oontinue lO ac.liu...,l the chmmel sl('pc until the scdiwcut
transp<llt rme bt"..:Omt"s c:quul t<• the in..:mning sedimcn1 supply. thus crcafi.ug a ' 'stable ~lop~:· Typi..:ally 
this invulvc.os I he Aa«cning ('f the stream gmdi\iJU.. \Vhicll can caus.;- ~lt'&\(ubetl Jiscunlimtitit:s wilhin the 
watershed. Under such circuntstauces, lOt the Proj el'l study area lhe f~>llowing fhnu~1l:1 should be applied 
(COT, 1998) to deterflti11e <:quilibrium-slupc: (stt.~blc:-slope) e<'nclil i()n~: 

r ) 
1.1 

s," = {;QJ, _,. (1- R, )'-~ s., 
\. ·11 ,1() 

\Vhere, 

S«- = 
s .. 
Q-...:u
Q ... :o 
R, 

the stable slope (fuet p.z:r foot), 
the: exisling natural slup~ u]ong lhc: ..:ontrol pnint ( fed per f()nt) , 
the mtJ~m lO-yei1r peakdiscltar£~ (~fs), 
the uatw-al 10-yea.r peak dischargt" (ci~) . wul 
a rt:ducti~>n iactur in IJl"'IS tream sediment supply (IIS\l\llly ~5SUJllcd .:qual tO lht ratiO Of 

impcrvinu!'. arc:• tn tQt:d ar-c.-. o f the conuibutiug upstream wat.;-rs.hed). 

I Po.!fMIIl:ll C(llllnlu.ilkati<'oll 'ol.' ilh Michad F.. 7..;11..,-•• P.E., r· .I I. D,c,elJUal to 2 mm and tbc Vr<ld<tlion cocfticicnt il> 5.0 
:: hn-p::'/wcbsnil !tUI"\'C}' .!'.C .~!?.(')\'. n<:rl:l.?.<W: AJ)J\·'V.' ¢bSO ilSun~>;· ;!Spx 

>8 
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for~ OOJlSCI''<ltivc c;shmat.:: o n this project. the K: w:n nssumcd tQ be II) pcrccm. ~~sed ou this cvalu~t ion. 

th~ amic.ipated adjustmem \"\>' ithiu tb(; cll.11tttel systcut could b(; Ol\ th e ordN of 0.0036 re~l uf chau,g_e p~r 
fho1 in the slt·c:amwise direction. In utlte-r wurds, in a worst~se s~nariu, the channel is cr.p;1hh: ('f 
d\~gr;;ding ~round 19 ft over~ mile. These l'ldjustmcnt can be i.mcrn•ptOO by localized calicb(; k uses atld 
l'Ock outcJ'oppings. whctc drops would lxlcOUl(; visibk Nlthc doa·ustrcam side as disc.ussi:XJ p~·.:iuusly. 

6.7.3 Dcgnuluti4tn Miliguti4.tn Mca~u•·c~ 

f or tltis project, h.-;~00 un the rcsulls uf the cun1inui1y tlmllysi<~. suh-rc~chcs downstream of ll1c ,;:xisting 
basin (sub--rcac.h\'S 7 and 8) show the L1rg~ potential for dC'gradatiou. Ouce a stable sh)pe has b~~n 
Uet~rmin«<, ll>ng-lt:nn deg.rad;.\tio n (Zr>l) Ci'UI be estiUKlled m ~~ giv~u poinl ~>f int~rcst f n1m the: following 
oquntinn, (f'CI{\VRO, 201 1). 

z ... , = ~ (s - s .,. }t., .. . ... 13 .. • : .. . 

\\·1 ·~·~~ ~ is th~ estimmed distanN to a downstream contJ'OI <~)r llisli.m~:~ h~twt'c:n ~<rade-cunln'l 
st.mcturcs, in feet) and all ('I he-r 1.<.."1TT'ls :;.rc ns previously rlcfinOO. 

Ow>t'J on the pr~ .. ·riliug aualysi:>, the •-.econunt ndtod (i«lu~m;y M grade·cu ntrul stnu.:lurc:::. (dt:l'lignccl tu 
aocummodute a 3·i<>ol Ump) us~ tu :>t<~bili.!~ th~ v~rtical prulile uf the ..:hannc:l and pn,t<X-'1 the toe$ ufthc. 
Mission Complex facili1 ies shuuld he 1<1par:c:d e\'c:ry S33 fec:t, <md he adequately cmhoddod to r~ist bci.ug 
\Uldcrutiucd or laterally flanked. 

6.8 lateral Erosion Hazard Setbac.k 

At lie-in poinls, Ooncl-c<mtml structu~ are subj~t h> nanking fmm the: river by latcrnl erosion or 
Ul\"<''Udcriog. Tbc.rctbrc. to prevent this f)l)C uffuilur.c it 1s rccQmmcndcd that levee too-protection depths. 
extend sullickmly below the U\..1X.imtu.\\ tQWI vc;11 i~l scour depth (Z•) and be set bac.k an ade<1u~tle 

distancot tfom the banks beyond the pol\~tial JatCJ'<l1·crosiou timjrs m tie-in poims. ZeUer propused a 
minimum l'it'tbuck distant.:~ t~ lung a1lm·ial \"''alercourses tu a~:-..:ount ll•r latc:rul channel mi&'flllinn, which can 
b~ ~SiiuWcd from the prorluc.f nf tm empirical cocfficic:n1 times the !((}UMC root of the 100-yc:\1' discharge. 
This methodology is sintilar to that discussed in the Level 1 aualysis So;!)Ction of th~ Arid m.a St<~le 

Sumdnrds 5·96 (AD\VR 1996). 

for f>Lt'aig,ht reaches. the fOllowing IMer"l ~rosiou setback \\'as ptoposcd for w:nerc:outses draining le.-;l> 
thau 30 S(Juare mil~ of wat~Jshed ru·ea (Zell¢1' 1981): 

SB " !Q.,Y' 
Straj_ght Reaches (R.::T > 10). 

For reaches with R,.•T tht' fullowing late-ral ~rusion setback was pruposed (Zdler I 98: 1 ): 

SB" 2.5(Q,,Y"' 

('lu,.._,tur.:: J{c~chcs (K,/ 1 < 5), 

S("pl("ltlber 201 S 
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r.uw C'<•tlu1y • .'\r~ou<t 

\\'btl~: 

Sl:l = Mi.ui.olt•m Sotb~ck. in toct. measured from the h.,p ~1~~ <.•f the highest channd bau.k 
C>l' ti•om the edge of the lOP ofthe u-y~r wal~r :»urface dev;ninn. whichever is clos,~ 
lO the dw.nud ~~~•~rliue: 

Q,, 
R, 
T 

= 
= 

Peak di:;dw.rge o f n-y~;_,r t:\·em, in cuhic feel per l\ccond: 
Radius u f cu.rvtllurc of ch:mncl centerline, in feet; ~ud. 
CMWlcl top width. iu fo."'t. 

The rduli<•nship bel ween rule of curvnuarc (u = ;mglc formed by projCC(ion C'lf ecntediJle frooa th~ p<Jint <•f 
cur\'aturc t.<• the int~rscetkm Qf n tangco~ wiih the bauk liue) and radiu~ over top-width (R.:T) ls defined 
by th..-: tbllowiug eqttatioo: 

R,, cosa 
T- 4 ''sin' 1<~/ ) \ ! 2t 

Where all tetms are as previously defined. 

I Table 22 Su.m.n:.u•n· of Latet·al Eroliiou Setback ($traight Reaches} 
I Sn·:.lgJ1! Oown!ltf~fun <>fRS n..) ... .rrlll-li\~IHII o f RS. O I,)WtiSli"<0.\1:0 Qf RS I l>o\'t11$.1Jcam of RS 

Rt!(ll\j' !79+9 1 273130 17~.1135 HB-~72 

() 
Setbac-k 

() 
Setback ~all•ad, 1 

0 
S('tb<•ci;. 

YeAR lftl <in Q ffil rm 
2-yr 193 I I.R9 367 19.16 511 22.6 1 6MI 25.R5 

l0·}T 716 26.76 IJ56 36.~~ 1889 43.46 2470 49,70 
100·)-T 1934 4!.98 36fd fo0.54 5106 '! J .46 6676 81.71 

Table Z3 - Summ:uv of Literal [ .o·osion Setback /Curved Reaches\ 
Cur''~~d OoJWfl$\l'l;:;,lrJ) <:~f RS DO\\ USIJe<no uf RS l>O\'i1l,.<;trcam of' RS Jx.wn .. '<lrcam ~)fRS 
Rt.•ttt•hrs 2?9 191 '1:J- JO 179+35 103 112 

Sot hack 
Q I ~ 0 

Sel)\fk 
YF.AR 0 ffil lfll 1ft Q Scll ,a,~k (fl) ' 

~A·r 193 34.73 367 47.&9 511 511.5 1 668 64.61 

10·\T 7 16 f>6 .90 I ~511 Q2.06 1889 108.66 2470 IN .25 

lOQ-vr 19.).1 109.9.1 1!'\6S I ~ L:3~ 5106 178.<>1 6676 204.27 

7.0 RESULTS Al"D COl"CLUSJOl" 

As prcviotlsly discussed, th¢ exiit i.og Soullt Dwup aud TST 6 & 7 Di\'ersion Channel~ al'(lund rhc 
somhem elld of the ASARCO lvlission 0)rllp1~x. alon~ th~ nurt.h side of \Ves1 Helmet l'c-1k Road require 
maimtJtarlCI! and upg..-ad~. In :.uppurt u r the ~·fi~>s ion C<•mplex re-eshlhlil\hing: the dJ\'crsiou chrumds. 
~hi.lbiliw.ti~m maintenance <•penlli<•ns llfC. required under appro.,.·al of~ 404-l'cro.tit Applicmiou. 

The propt~«ed pn~c:ct will resolve enpneity is:-;ucs in the cxis'"iug di\'Cisiou chatUlel by dl:lJUlelizjng 
segrn<..-nt cc lhl:lt c.un·cntly axe too sllitllow to oonv..-:y the d~igu 10-year eve-nt. .:\dditiunully, chnnnel 
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cotttltt..-:nc .. ".S will be itnpr<lvOO m')(l the cxt~hng hal'in will he clcanOO out :md n ncv.· outlet crest elevation 
annured to tesist ~1\)s.iou. J\t the c\lstcm limits of TSF 6&7 {be water w ill be distributed across a wid('.J' 
Oo~>tlp)ain by co~lruCtkm Of a diV~l'SiOI\ SUUCl\I(C 01' j UrlCtio.:lJl tO SpJil a IXll( iOU Of th..:: Y.·:\t~J· ~IY.· :\y f rOm the 
Ranchn Rc:«•rt community allowing it to weir 0\'~f iJUO the RAudto R.:~011 t.:l)IJectur chaunt'! uv~r a longer 
J~th. Tltis IS uot. intCJ:I.dcd w resolve the rlr.<1imtgc issue~ tlutl may he prc.cccnt. n! the l<anc ho Resort. 

I he pm:rosed projccl exists in a relativdy st~q> :,tr~am i.:i.lpabl~ ~>r tmnsporting hamls and gnn•ds durin~ a 
typic\ll J1Ciod event. I he prop<'l'cd c hanne l cunfiguration is sufliciently· c ap;1h!e <'f conv~·ying both w~Hcr 
Md s..xlimrut, as it is delivered withuUI conc(..'rn fhr excessive sediment removal maintenance with th .. ~ 
~x.c.:ption of Sul>-Nach 7 aud !) (..-:x.istiug basin), wh..-:r..-: tltis oonditiou pr .. ".Scmly ..::xists. Ba~ed oo the 
~suits u f the contiuujty aoaly:;i:;, g.rade-couu'OI s tt'ucn.u·es are recommended to be pl<"•..:.etl apprux.imah:ly 
every Ki~ feel dnwnstn:-.<~m <If Lh~- e xisting hasin and up:,treanl t1ithe di\·ersim1 st ructure. 

All -.;(mstJuct«< rev~netUf>. l>au.k protcctioJl. \lnd gradc·comrols should 1.>..:: dcsiguod wiU\ adequate toe
downs that extend sufliciently· bcy~>ml th~ pn:dickd scuur deplh ami kcy~d intu the banks suO'icicntly 
beyond the 1>01CUti\ll crosiOJ) h:;.z..1rds , as recommend crt herein. 
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